
The University of Iowa 
Iowa City. Iowa 

!'0i' n 2 BS2 

Univcisity Hygienic Laboratory 

(319) 353-5990 

18 November 1982 

REGION: 

514104 

E.A. Hickok and Associates 
S46 Indian Mound 
Wayzata. MN 55391 

Attn: Mr. George Boyer 

Dear George; 

The attached results are the ones reported to you on 12 November 1982 
by telephone. 

Sincerely, 

0 
Armand F. Lange, Ph.D. 
Chief, Organic Analytical Division 

Im 

cc: Dr. Splinter 
Dr. Hahne 
Ms. Cain 
Mr. Brewer 
File 

9626717 
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tjDwa City. Iowa 52242 

RECEIVED on m 
• University Hygienic Laboratory 

(31S) 353-5990 

\ 

13 October 1982 

E. A. Hickok and Associates 
545 Indian Mound 
Wayzata, MN 55391 

ATTN: Mr. George Boyer 

Dear George: 

Attached are the results of the PNA analyses of the samples received from 
Frank Matthews on 15 September 1982. 

Sincerely, 

Armand F. Lange, Ph.D. 
Chief, Organic Analytical Division 

cmM 

cc: Dr. Splinter 
Dr. Hahne 
Ms. Cain 
Mr. Brewer 
File 

9626T18 



UNivii'cJirY iiyiiiKMii; i.AH')K'AT.>Ky . '• : 
fli moKoK 5122 •M2 1 

1l/4/.i2 Tune () 
KIC 

51 I \ OW2 .1 
11/5/b2 Time 22 
10 Keaijeiit 

III /. 
mim J . 

>'•>,nil.>1)11.1 

ilHli# ;2-410tj 

; 

Om.(» 2-4159 
Pq/L 

blank. 
Pq/sample 

117 2, 3-Hihy.li 1 I .....13 1 1 
lib Iriil'ine .? 1 „.! 

12 d_ 

U4 _ 

1 

Naphtha leiif 

h«.»nzo 1 b ] thi o£>hene 

vJui liol ine 

<1* 1 480 

2_ 32 J 

<b 1 <5 1 

<1 

I _<1 
14J 2-ri»*thy Inajihlhalene 3 _ J 
11 7 In-lole <•' 

142 1-Methy 1 naphthalenft 6b j i „ .J 1 <1_. 
154 1,1'biphenyl 29 _J 1 - .....3".. 1 
152 _ Acenaplithylene IH... ...J i 33 .1 
1_5_4_ Acenaphthene Ai 1 L 18 J 
1_6b Kluorene | 1 VM 1 1 65 <1 

l^ri Phen i.'ithrene i I'H J [ 101 J 
178 _ Anthracene 1 1^- -! I 14 . [ __<1 __ 
17i> Acridine 4 1 [ 5 J [ <1 
i_7_a_ Pnenanthridine 1-- ^ -J I <1.' ^<1 

117. _ Carbazole I --J i 27 <1 

202__ Fluoranthene 11" 1 [ .... 23 J 

202 Pyrene 120 1 I .19 u '<1 
22ti Benz[alanthracene 1.4 J I _ - . 2 1 <1 ._ 
228_ Chrysene 11.. 1 I ^1 
712 _ Benzotb] fluoraiitliene i._ ! I. ..... ..<1* 
252 Benzo[k]fluoranthene J.o j 1 <1* 1 <1 
252 BenzoleIpyrene 1 .. '0 ... 1 <1* 1 <1 
252 Benzo[a]pyrene [._ 1 I <11 : 
2^ 

226 

Perylene 

lndeno(1,2,3 CDjpyrene 

1 1 I 1 i 
1 

1 

lb
. 

1 
1 

1 
1 

1 
, I ^<1^ 

I <1* . . 
1 " .<1. 

278 _ Ui benz[a,h]a nthra^ene I 1 i 

1 
1 1 1 1 1 1 • 

276 Benzor({,h,i Iperylene 1 J I <1* 

*' i>r'e.seiit, but .ju jnti t^t i on 

sezs-ris 



J: •' •• 
545 Indian Mound 

Wayzafa, Minnesota 55391 

(612)473-4224 

October 21, 1962 

Mr. Mike Hansel 
Regulatory Compliance Section 
Solid and Hazardous Waste Division 
Minnesota Pollution Control Agency 
1935 West County Road B2 
Roseville, Minnesota 55113 

Re: St. Louis Park Well Abandonment Program 

Dear Mr. Hansel: 

Enclosed herewith are the results of the samples taken during the 
September 13, 1962 pumping test. The pump inlet was at a depth of 
601 feet. 

The pumping test was abandoned after four (4) hours because the 
packer was leaking. The pump was removed and reset and a pumping 
test run on September 17, 1962. The samples taken during this 
pumping test will be forwarded to you shortly. 

Sincerely, 

EUG^E A. HICKOK AND ASSOCIATES 
/) 

-• / lA rfU 
George W. Boyer, P.E. 
Vice President 

bt 

Enclosure 

ssze-rso 



8br 
o vT 2 3! Kurmatlon MS; 9-13-82 

r Hlckuk & Associates 
Identification 

Time 
0:00 

Time 
0:30 

Time 

2-3291" 

Time 
2j00 
2-3292 

Time 4:00 
(Duplicate 
GC/MS run) 

5/5 
MJ5 

DHL • 2-3289 _ 2-3290 

Time 

2-3291" 

Time 
2j00 
2-3292 2-3293 2-3293 2- 18') ) 

Q m/e Coiiv>ourid 
_ 2-3290 

4.1 

"9 

iU 

J90 

117 2.3-dlhydrolndene 15 12 5.0 3.2 3.9 4.1 

"9 

iU 

J90 115 Indene 42 37 6.9 3.5 4.1 5.0 

"9 

iU 

J90 

128 Naphthalene 400 420 <1** <1*« <1** <!•• 1 3000 

134 Benzolblthlophene 15 12 4.3 3.1 2.6 2.7 58 

129 Qulnollne <1 <1 <1 <1 <1 <1 vlO* 

2300 142 2-aMthylnaphthalene 560 440 <1** 1 1.8 <1»* 

vlO* 

2300 

117 Indole <1 <1 <1 1 <1 <1 <1 vlO* 

142 1-methylnaphthalene 310 260 25 14 9.2 9.4 1500 

154 1,1'blphenyl 120 86 7.6 4.7 3.4 3.7j 350 

152 Acenaphthylene 390 230 IB 8.4 5.7 6. 1 i 780 

154 Acenaphthene 320 170 22 13 8.6 9.5 850 

1900 166 Fluorene 530 490 28 17 9.0 10.1 

850 

1900 

178 Plienanthrene 2,500 2, 100 38 21 7.6 8.2 , 3500 

17B Anthracene 590 460 17 10 2.8 3.2 . lAOO 

Acrldlne 29 
i 

18 
1 T 

3.3) 1.8 <1** 1.0 110 

179 Phenanthrldlne 34 25 1.6 i <1** <1** <1** 1 AO 
167 Carbazole 28 18 

) 
<1*» 1 <1*« <1»« <!•• \ 160 

202 Fluozanthene 1,700 1.400 46 i 21 7,6 \ B.l| 2300 

202 Pyrene 1,500 1,200 
( 

38 
T 

IB 6.5 1 6.8 ' 1900 

22B Benzla]anthracene 680 460 15 i 8.0 2.3j 2.4! 1500 

228 Chrysene 580 420 12 1 6.4 3.0! 3.0 1200 

252 Benzolblfluoranthene 530 330 9.7 5.6 2.6 2.8 1000 

252 Benzo(k]fluoranthene 330 300 7.1 4. 1 2.4 2.4 800 

252 Benzole]pyrene 310 280 6.4 3.4 1.7 1.8 660 

252 Benzole]pyrene 570 450 11 6.2 2.5 2.5 980 

252 Perylene 85 80 2.2 1.8 <1** i J 250 

276 Indeno11,2,3 CD]anthracene 290 200 6.4 2.9 1.7 ' 1.6 300 

27U Dlbenzla,h]anthracene 81 43 2.0 ' 1.6 <1*» i <i** 2A0 

276 Benzotg.h,1]perylene 310 190 5.9t 3.1 1.5! 1.5 300 

k11 values In uiA (PfU) 
iiiiii.tiii H i>l prcscidt I ..-qii i r->ii Jot ere ion limit. 

DetectI'tn Limit 1 tig/L 
<.'on^ouii<1 Jetected but beloe quantitation limits 

(Sao^les at Time 0:00 and 0:30 contained larqe amounts of sediment.) 

SG26721 



rtou« 
Po(tAiivnD*J 

P4c»-»< 

06PTM , lUteTT 

W m/ts Coii^xxiiiJ 

0«K 

j / fi/i 

too' 

M 'JA, 

L c ^ c 
3 

t: f. 

<1 

117 2, i-dltwJrolndene <1^ 

_1 lb liiJeiie _ __ 

12B Nai»hthtilene 

134 Benzolb) ttilophene 

1^9 _ Quinoline 

1*2 2-iaethylnjphthalene 

117 lnJ..lc 

<1 

<1 

16 

17 

11 

10 

<5 <5 

<1 18 

6^5.; vt.v. fLii b04C 

i.y/i-j ,jy/i py/L 

14 

II. 
72 

13 

<b 

40 

142 1-muthylnaphthalene 

<1 

<1 233 

<1* 

42 

IL 
16 

6 

7 

<b 

17 

53 

102 

204 

1287 

154 

<5 

2241 

156 

1497 

12 

32 

f/f 
/c 

£ C 

604.$ 

,.y/L 

71 

14 

52 

<5 ' <5 
r 

47 ! 12 

ih i 
2.4 • 

£.£. . 

12 

31 

78 

10 

<i*; <1* 

49 16 

<5 

25 

27 

154 l.l'biphenyl 

152 Acenaphthylene 

154 Acenaphthene 

<1 23 19 16 788 

<1 34 22 

<1 326 31 

22 

41 

808 12 

2. 
8 

8 

12 

1628 26 

166 Fluorene <1 263 36 62 1757 26 

_9. 

17 

24 

20 

17B Phenanthrene <1 659 85 114 5249 29 16 22 

"*8 Anthracene <1 169 16 37 2004 

1/9 Acrldlne <1 22 295 <1* <1* 

179 Phenanthridine <1 11 

167 Carbazole 

202 Pluoranthene 

202 Pyrene 

228 Benz(a i anthracene 
t 

228 Chryaeiie 

<1 12 

_1_ 

3 

399 <1* <1* 

3013 

<1 

252 Benzolblfluoranthene 

252' BenzoIk)fluoranthene 

252 Berizolelpyrene 

252 _ Beiizo I a) pyrene 

252 Perylene 

<1 

428 40 

291 26 

<1 152 

<1 T 
16 

<1 

<1 

<1 

<1 

<1 

276 Indenol 1,2,3 CD]pyrene <1 

278 UibtMiz [a,hlanthracene j <1 

276 Benzut y ,h, 1) perylene ' <1 

122 12 

122 11 

121 

111 

122 

37 

72 

26 

68 

52 

21 

19 

15 

4334 

3662 

14 

12 

1748 

1628 

<1* 

<1* 

1301 

12 

68 

-1 
3 

11 i 1028 

11 928 

16 ^1498 

<1* 

<1* 

<1* 

<1* 

<1* 

15 

5 ! 588 J <1* 
, 1-

17 ' 944 ' 1 

<1* 

<1* 

8 

<1* 

<1* 

<1* 

<1* 

<1* 

<1* 

<1P 

<1* 

<1* 

S6267J32 



tlllil Nl. A HICKOK 
Il)t MTIKICAIIMN 

0 iii/e 

I>W:M 4'»7/-/H »W/'i 4'»/'j Mt) 
form. I lij Ibrmotion M>4 
Tiiiit' I) ?4 1(»/19/»V 
ilTlVi^ ?-39T2 nn> ?-397l • 
<^9/ fc'l/' 

o 

dOOt, 

".6,08 

n! n mt. 
-S.«_ 
. .. 
OeoD 

Ml ?,i-DihydroiMdene _9 8 I'i: 

lib Indone 25 20 

1?8 Naphthalene 150 100 4-Vo 
134 Benzolh]th1ophene 8 7 i =i>2-

1?9 Quinollne <5 <5 <5 
14? ?-Methy1naphthalene 43 15 1 oo 

11/ Indole <1 <1 < \ C 1 

14? 1-Methyl naphthalene 43 23 UU» fbo 

154 1.1'biphenyl 13 5 

152 Acenaphlhylene 14 6 

154 Acenaphthene 36 13 S4-
166 Fluorene 45 13 t&o tS 

178 Phenanthrene 87 23 \%c. lOO 

178 Anthracene 16 4 I A-

179 Acridine 5 I 4- CT 

. i Phenanthridine <1* <1* \ 

167 Carbazole 9 5 2-1 

202 Fluoranthene 51 9 ISc 

202 Pyrene 44 7 12.4> 

228 BenzTalanthracene 12 2 2. 
228 Chrysene 9_ 2 IS" 1 

252 Den2u[b]tluoranthene 8 2 ^ I 

252 BenzoIk]fluoranthene 7 1 \o C 1 

252 Benzo[ejpyrene 7 1 \o < 1 

fS2 Benzol, a] pyrene 13 2 \% < I 

25? Perylene 2 <1* 2. C I 

27b Indenol1,2,3 CDlpyrene 5 <1* c 1 
278 U1benz[a,hlanthracene 2 <1« V ^ 1 
2/6 benzol 9,h,11perylene 4 1 6" < 1 

^Coinpoand pi osent'I>e1uw (iW-t 

3626723 



UNIVEKSITY HYUIENIC LABORATORY 

EUGENE A HICKOK ID: Water OU23 Formation MS Time - 4:30 9-17-82 

Q ml e Compound 
2-3893 
Pg/L 

Reagent 
Blank 

pg/sample 

117 2.3-dihydroindene 34 <1 

115 Indene 190 <1 

128 Naphthalene 3000 <1 

134 Benzolb]thiophene 58 <1 

129 Quinoline <10* <1 

142 ' 2-methylnaphthalene 2300 <1 

117 Indole <10* <1 

142 1-methylnaphthalene 1500 <1 

154 1.1'biphenyl 350 <1 

152 Acenaphthylene 780 <1 

154 Acenaphthene 850 <1 

166 Fluorene 1900 

178 Phenanthrene 3500 <1 

178 Anthracene 1400 <1 

179 Acridine 110 <1 

179 Phenanthridine 40 <1 

167 Carbazole 160 <1 

202 Fluoranthene 2300 <1 

202 Pyrene 1900 

228 Benz1 a]anthracene 1500 <1 

228 Chrysene 1200 <1 

252 Benzo[b]fluoranthene 1000 <1 

252 Benzolk]fluoranthene 800 <1 

252 BenzoIe]pyrene 660 <1 

252 Benzo(a]pyrene 980 <1 

252 Perylene 250 <1 

276 Indeno[1,2,3-CD]anthracene 300 <1 

278 Dibenz(a.h]anthracene 240 <1 

276 Benzolg.h.i]perylene 300 <1 

*Exressive amounts of other compounds present required higher detection limit. 

9626724 



A. Hickok & Associates 
Identification 

OW 23; Formation MS; 9-13-82 1 

A. Hickok & Associates 
Identification 

Time 
0:00 

Time 
0:30 

Time 
1:00 

Time 
2:00 

Time 4:00 
(Duplicate 
GC/MS run) 

Reagent 
Blank 

DHL « 2-3289 2-3290 2-3291 2-3292 2-3293 2-3293 
Q m/e Compound 

5.0 117 2,3-dihydroindene 15 12 5.0 3.2 3.9 4.1 N.D.* 

115 Zndene 42 37 6.9 3.5 4.1 5.0 N.D. 

120 Naphthalene 400 420 <1** <1** N.D. 

134 Benzo(b]thiophene 15 12 4.3 3.1 2.6 2.7 N.D. • 

129 Quinoline <1 <1 <1 <1 <1 <1 N.D. 

142 2-methylnaphthalene 560 440 <1** 1.8 <1** <1** N.D. 

117 Indole <1 <1 <1 <1 <1 <1 N.D. 

142 1-methylnaphthalene 310 260 25 14 9.2 9.4 N.D. 

154 1,1'blphenyl 120 86 7.6 4.7 3.4 3.7 N.D. 

152 Acenaphthylene 390 230 18 8.4 5.7 6.1 N.D. 

154 Acenaphthene 320 170 22 13 8.6 9.5 N.D. 

166 Fluorene 530 490 28 17 9.0 10.1 N.D. 

178 Phenanthrene 2,500 2,100 38 21 7.6 8.2 N.D. 

178 Anthracene 590 460 17 10 2.8 3.2 N.D. 

9 Acridine 29 18 3.3 1.8 <1** 1.0 N.D. 

179 Phenanthridine 34 25 1.6 <1** <1** <1** N.D. 

167 Carbazole 28 18 <1** <1** <1** N.D. 

202 Fluoranthene 1,700 1,400 46 21 7.6 8.1 N.D. 

202 Pyrene 1,500 1,200 38 18 6.5 6.8 N.D. 

228 Benz[a]anthracene 680 460 15 8.0 2.3 2.4 N.D. 

228 Chrysene 580 420 12 6.4 3.0 3.0 N.D. 

252 Benzo[b)fluoranthene 530 330 9.7 5.6 2.6 2.8 N.D. 

252 Benzo[k]fluoranthene 330 300 7.1 4.1 2.4 2.4 N.D. 

252 Benzo[e]pyrene 310 280 6.4 3.4 1.7 1.8 N.D. 

252 Benzo[a]pyrene 570 450 11 6.2 2.5 2.5 N.D. 

252 Perylene 85 80 2.2 1.8 <^** <1** N.D. 

276 Indenol1f2,3 CD]anthracene 290 200 6.4 2.9 1.7 1.6 N.D. 

278 Dibenz[a,h]anthracene 81 43 2.0 1.6 <1** <1*» N.D. 

276 Benzo[a,h,i]perylene 310 190 5.9 3.1 1.5 1.5 N.D. 

All values In wgA' (PPB) 
* N.D. - None Detected 

Detection Limit 1 ug/L 
Coiq>ound detected but below quantitation limits 

(Seniles at Time 0:00 and 0:30 contained large amounts of sediment.) 

9626735 



^ A/. 

• •' . i;',' 545 Indian Mound 
Wayzala, Minnesota 55391 

/ , ^ (612)473-4224 

November 24, 1982 

Mr. Mike Hansel 
Regulatory and Compliance Section 
Solid land Hazardous Waste Division 
Minnesota Pollution Control Agency 
1935 V7est County Road B-2 
Roseville, MN 55113 

Re: St. Louis Park Well Abandonment Program 

Dear Mr. Hansel: 

Enclosed herewith please find one (1) copy of the qualitative 
and quantitative results of the saitple taken from Well 23 
on October 28, 1982. 

If you have any questions please feel free to contact me 
at 473-4224. 

Sincerely, 

EUGENE A. HICKOK AND ASSOCIATES 

iu. 
George W. Boyer, P.E. 
Vice President 

bt 

Enclsoure 

9626713 



The University of Iowa 
loiva Cily Iowa S2242 

University Hygienic Laboratory 

(319) 333-5990 

RECca-CD saz 

19 November 1982 
1»47 

E. A. Hickok and Associates 
54b Indian Mound 
k'ay^ata, MN. 55392 

Attn: Mr. Paul Josej'hsun 

Dear Paul: 

Attached are the qualitative and quantitative results from the 
samples submitted on 1 November 1982. 

Sincerely, 

( L ' / (• I .. I'l.'O 
Armand F. Laiuje, llt.D. 
Chief, Organic Analytical Division 

mrw 

Enclosure 

cc: Dr. Splinter 
Dr. Hahne 
Ms. Cain 
Mr. Brewer 
File 

9626714 



UNlVEKdlTV HYiJlKNlC LAhdR/vTORY 

EUGKNK A HICKDK 0W2i 10" caniny 
IliKfM'l h'lCATIDN 10/28/82 Time O 

IIHIJ 2-4079 Blank 
o ni(•r>pip>)>ind ug/L ug/sample 

117 3-ni hyiiri">i ndt»ne | 1 220 <1 

11f> Indene | 1 280 1 <1 

12t^ Naphthalene 2600 <1 

134 henzofh1thiophene 160 1 <1 

129 CWinoline <20 * 1 <1 

142 2-Methylnaphthalene 2500 1 <1 

117 Indole <20 * 1 <1 

142 1-Methylnaphthalene 1600 1 <1 

1b4 1,1'-Biphenyl 450 1 <1 

152 Acenaphthylene 200 1 <1 

154 Acenaphthene 1600 <1 

166 Fluorene 1700 1 <1 

178 Phenanthrene 4000 1 <1 

178 Anthracene 900 <1 

179 Acridine 100 1 <1 

179 Pherianthridine 30 1 <1 

167 Carbazole 230 1 <1 

202 Fluoranthene 1500 1 <1 

202 Pyrene 1300 1 <1 

228 Benz(a]anthracene 400 1 <1 

226 Chrysene 530 1 <1 

252 Benzo[b}fluoranthene 400 1 <1 

252 Benzo[kIfluoranthene 330 1 <1 

252 BenzofeJpyrene 280 1 <1 

252 Benzo[a]pyrene 470 1 <1 

252 Perylene 70 1 <1 

276 Indeno(1,2,3 cd Jpyrene 190 1 <1 

278 Dibenz(a,h]anthracene 210 1 <1 

276 Benzo(g,h,iIperylene 260 <1 

*Hi<3h Jet»fCtion limits due to presence of lar j-- •i.uounts of other compounds 

9626'?15 



UN] V KM SIT* HYGIKNXC I.ABtJKATOKY 

K.A. Ilickok Identification 

OW23 10» casing 10/2B/82 Time 0 

IJUi, 4t 2-40diJ 

ComjMiincis r ieiiti f ieii 

2, 3-l)ihydr>>i n.ien.-
Indene 
NapiitVta lent? 
Benzo(h1thi ophene 

'2-MetMylnaphthrtlene 
1-Methylnaphthalene 
1,1'-Biphenyl 
Acenaphthylene 
Acenaphtliene 
r-'luorene 
Phenanthrene 
Anthra ceiie 
AcriJine 
Phenant]iri dine 
Carbazole 
Fluorant>if'iie 
Pyrene 
Hen2 (a ]anr.)iracene 
'•-hrysene 
Henz.>lb]t liiorantheni-
BenzolkIf 1uoranthene 
BenzoljIfInorantnene 
Benzofe Ipy reiio 
henzolaIpyrene 
Perylene 
Indenol1,2,3 cdjpyrene 
Di ben-; [a, h l.uiThraoeiie 
Benzolq,)),i Iperylene 
EthyIbenzene 
Uimethylbenzenes (xylenes) 
Ethenylbenzene 
Nonane 
Uethviethy1benzene 
Propyl benzene 
bi me tliyl nonane 
Methyl-etliyl benzeii.-s 

Met.hylcyclodecane 
Tri methylbenzene 
Mothyldecano 
Ethyl-dimethylbenzenes 
Methyl-2,3-dihydroindenes 
Undecane 
Ethenyl-dimethylbenzenes 
Plienylpropenal 
Tetramethylbenzenes 
Tetrainethylpentane 
Trimethyloctane 
Dimethyldecanes 
Hydroxy benza IdetjyrJe 
Methylphenols 
Ethylphenols 
Di metViylpJienols 
Methylindene 
Me thoxyljenza 1 dehy de 
Tri methylphenols 
Ethyl-methylphenols 
Mydroxy'>enzoic Acid 
Isofurandi one 
nietliylphenol 
Ethylnaphthalenes 
Dimethylnaplitha lenes 
Dimethy Ibenzofiiran 
Cyclopentylbeiizene 
Dihydromethylnaphthalenes 
Dimethyl-2,d-dihydroindene 
Tridecane 
Methylethylnaphthalene 
Tr i methyInaphthalenes 
M«thyl-1,1•-biphonyl 
MethyIdi benzofnran 
Dibenzofuran 
2,3 Dihydroi ndefiedi ol 

Biphenylene 
Methylphthalazinone 
Naphthalenol 
Me thyInaph thale nols 
[1,1'biphenyll-ols 
Dime thyInaphthol 
Dibenzofuranol 
Methoxy-1,1•-biphenyl 
Methyl-phenoxybenzene 
Dibenzodioxins 
Methyldibenzothiophenes 
Methylphenanthrenes 
Methylpyridoindolols 
Di me th y Inaph th o th i ophene 
Dimethylethyl-[1,1'biphenylj-ol 
Methylphenylcinnolines 
Methylbenzo[c]cinnoline 
Phenanthrenol 
Benzofluorenes 
Oimet>iylbenzo[c]cinnolines 
Dimethyl-1,1'-biphenyl 
MethyIfluorenes 
Dihydromethylbenzofuran 
Phenylnaphthalenes 
Methylphenanthrenes 
DimethyIphenanthrenes 
EthyIphe nanthre ne 
Phenanthroimidazole 
Hethylpyrenes 
Terphenyls 
Benzo[b]naphthothiophenes 
Cyclopentaphenanthrene 
MethyItriphenylenes 
Binaphthalenes 
Diraethylbenzoldphenanthrene 
MethyIbenz(j Jaceanthrylenes 

9626>?16 



SUMMARY OF BORINGS AND PIEZOMETER INSTALLATION BY OCA CORPORATION/TECHNOLOGY DIVISION -
REILLY TAR SITE, ST. LOUIS PARK, MINNESOTA 

3tt.-

UevetMo 
ot US. 
<SL) Locetioa •PP« 

9«te 
coBpleted Pieaonei 

Perforatod iocemal 
:et depto below L.S. 

Total 
depto 

below US. 

aepCb to 
oedmck 

balen US. 
Drilliag 

aethod 
SompU 8o. of 

eoiplea 

Diotooee 
ioco 

bedrock 
Depcb 

ovnc 60 ft ri—Hi 

1 9Qg.tS (sri 56tb Sc 6 .9iosebiba Creek Cleaa 10/Z5/S2 Tee 89.3* CO 93.3* 93. y 87.5* Drive 8S' 21 Screeo ae 
ni39 tacfcgrouad aad week »T^ 0 6' 33.5* Smdkmk 

Location 

2 909.1* m37 J6cb Sc A NioMbehe CrMk: 40' C ol PSlJe Cleaa tO/Z«/<7 fee 82.3' CO 85.3* 84.5* 83.0* Drive SS 2 1.5* 26.5* Cloored - kackgrnnaa aal waeb ST 6 ncilitieo 
Location ) y 

J 907.46 niia 34ch SC 4 XjLoa/Wpcai^ Cleaa 11/2/82 Tea 63.5' to 66. S' 78.5* 77.8' Drive SS 17 18.5' Clnamd 
(oext Co water c^wer) leckgnmad oad waab ST 2 ncilities 

Location 

4 893.67 ni39 ' De*d end ol Quebec at 31 Sc Beillp Tar Site 11/4/82 Tea 59.0' to 62.0* 67.5' 63.5* Drive SS 16 4* 7,5' Cloarod 

^4 Solid Cmoad and waab ST 1 otilitiea 

5 89j>«tr niM Louieiaoa A*, oexc to W23 Railly Tar Site 11/10/82 Tea 65.7* to 68.7' 71.0* ni70.0* . Drive SS 17 1* 10* CInorod 
Solid Crovnd •nd waab ST 1 ncititiea 

6 890.11 PB142 Walker Av. 4 Louiaiaiia Ae. Ext. •eilly Tar Site 11/12/82 «o - 64* 63.7* dnteind - SS 14 . 4* Clnnrtd 
Solid Croottl ST 1 ntilitiea 

7 914.00 ni4i On Hifbway 7 owerpaaa weat of leilly Tar Site 11/15/82 Ho - 6$' Diiiered U 13 - 5* ioodway 
Louiaiaaa A«. exit Solid Crouiri ST 0 sacna special 

f 
•HariAla 

8 895j^ PS144 Pilled Sw^ S of Uigbwap 7 tailly Tar Site 11/19/82 Tea 44.3* to 47.3' 59* 5l'(T> Drive SS 13 8* - Cleared 895j^ 
144' W of wis Solid Gronal and waab ST 1 otilitiea 

'Split Spooo S«apl«r. 

^ia w«tl Sbmlbf Tube Seopler. 

.. . -r^ — 



2. 

SUMMARY OF PAH ANALYSIS AT REILLY TAR SITE FOR SAMPLES TAKEN DURING OCTOBER-NOVEMBER 1982 
BY CCA/TECHNOLOGY DIVISION 
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•R«perC«4 T«1M ia COUl < I af Cka MO cooletij 
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Sample No./Type 

#2 
PB-144 

#3 
FB-144 

#5 
PB-144 

#7 

Compound 

top 
soil 

ShaS'bls 

fibrous 
peat 

gesd4'bls 

nonfibrous 
peat 

§ % 19' bis 
outwaah 
ea29'bls 

Naphthalene 1.2 3.4 ND 6.6 

Aceoapthylene ND 0.73 ND ND 

Acenaphthene 0.2A 0.46 ND 0.65 

Fluorene 0.24 0.50 ND 0.45 

Fheoanthiene 1.1" 4.8» ND ^^3 — 

Anthracene - - ND — 

Acridine ND 0.28 ND ND 

Carbazole ND 0.53 ND 0.24 

Fluoranthene 0.53 4.3 ND ND 

Pyrcne 0.40 3.8 ND ND 

BenzoCa) 
anthracene 

0.34' 6.2 ND ND 

Benzoik) 
fluoranthene 

ND 11.7« ND ND — 

Benzo(a) 
pyrene 

ND 14.5 ND ND 

Dibenzo(a,h) 
anthracene 

ND* 1.5 ND* ND* 

ND " 0.2 mg/kg 0.5 mg/kg 0.2 mg/kg ND " 0.2 mg/kg 0.5 mg/kg 0.2 mg/kg 

ND* = 0.8 mg/kg • 2.0 mg/kg 0.8 mg/kg 

Coacentracioas in mg/kg 

'Reported value la total o€ the tvo coeluting coopouada. 



A/f3 

PRELIMINARY SUMMARY OF PHYSICAL TESTING RESULTS AT REILLY TAR SITE FOR SAMPLES TAKEN DURING 
OCTOBER-NOVEMBER 1982 BY GCA/TECHNOLOGY DIVISION" 

PB 137 n 138 PB 139 PB 140 PB 142 PB 144 

Test 
#1/4'-5* 

noa-fibnus pest 
#5/8'-10.5' 

till 
#6/10.5'-13' 

till 
•5/8'-10.5' 

lac. clay 
#13/4«'-50' 
OH onteash 

#8/20' -22.5' 
lac. clsy 

#5/8'-10. 5' 
lac. clay 

#3/4'-6.5* 
OM otttwash 

#4/15'-17. 5' 
fibrous peat 

(sve.) 7.4 z 10"' 3.5 z 10-7 2.1 z 10-7 7.2 z 10-8 •- 7.6 X 10-8 - - 1.2 z 10-7 

Kb - - - - - - -

Porosity (X) -* 28 28 39 - 45. - • -
Particle 
Sise 

OS gravel 
41Z sand 
SSZ silt 

4Z clay 

4.7Z grave 1 
49.7X sand 
28.1Z silt 
17.51 clay 

2.2Z gravel 
531 sand 

27.IX silt 
17.5Z clay 

1.3Z gravel 
35. IZ sand 
44.1Z silt 
19.5Z clay 

OZ grave1 
14. 6Z sand 
73.4Z silt 

lOZ clay 

OZ gravel 
15Z sand 
6az silt 
25Z clay 

-

IOC 190,000 ^/kg 2,500 i«/kg 2,100 mg/kg 
2,800 !«/kg 

3,400 og/kg 900 eg/kg 6,600 og/kg 7,600 s«/kg llOgOOO mg/kg 

*Test in progress. 



^ lORINO LOO PROJECT 

Reillv Tar 

JOB HO 

1-619-078 

SHEET Na 
1 OF 2 

NOLI NO. 

FBI 36 
SITE 
Background; 36th 6 Hinnehaha 

COORDINATES ANOLE FROM HORIZ. 1 8EARIN0 
90° 1 

SEOUN 1 COMPLETES 
10/18 1 10/25 

ORILLER 1 DRILL MARE ANO MODEL 
Braun Bngr | aiE-75 

HOLE SHE 
A" 

OVERBURDEN Iff.) 
87.5 

ROCR (111 

6 
TOTAL DEPTH 

93.5' 
CORE RECOVERVIII,%t ICORE SOXES 1 SAMPLES | EL. TOP OF CASINO 1 SROUNO EL. 1 OEPTH/EL. SROUNO WATER 

1 , - 1 21 1 910.53 1 908.88 | 8.6'/900.28 
OEPTH/Ei.. TOP OF ROCR 

87.5/821.3» 
SAMPLE NASMWR wIMNT/FAtt iCASMW UFT M HOLE' OM/LEMOTN 

I40F/30" 1 2"/R.95' 
LOCCEO ST' 

p. Huidobro 

OHCNIPTION AND CLASSIFICATION 

0-A'. Topaoll, organic, roots, and 
grass. 

4'-6'. Brown fibrous 
6'-6.5'. Black nonflbrous peat. 

6.5'-8'. Med. to coarse sand with 
9yKflBic rlfih S/C soaea, 
8'-9.5'. Nonflbrous peat. 

9.5'-I0'. Outwash sand. 

10'-26'. Gray till. Very fine silty 
clay with scattered pebbles of lime
stone, sandstone (red) and mafic rocks. 

NOTES ON I 
WATCN LEVELS, 
WATER RETURN, 
CHARACTER OF 
ORILLINO, ETC 

Hud & cuttings 
discharged to 
creek as OK by 
Hike Hansel; 
standpipe with 
2^65' stickup. 
Hater table 
«8.6'. 
Operation 
start 0 U:00. 
SS sampler is 
2.5" 10 and 
Che tip is 
flush inside. 

26'-38'. Coarse outwash. Coarse sand 
(reddish/brown) fine fine to medium 
gravel of red sandstone, limestone, and 
basaltic rocks, and rock fragments. 

38'-S1.5'. Cray till. Similar in 
texture to above till layer. A few 
oxidized S/C rich layer (thin) are 
observed. 

NO. 

SS*SFLIT SF00N> STiSHELST TUSE 
0<DBNNISON< Fi PITCHER < 0> OTHER 

rORU lOOSA 
Background; 36th 6 Minnehaha 

HOLE HO. 
FBI 36 

10 



JOB NO «HCCT NO 

1-619-078 
2 or 2 

OeSCRIPTION «N0 CLASSIFICATION 

31.3'-S6'. Outwaah gand. Medium sand; 
quartz, feldspara and rock fragments, 
fine gravel of mafic rocks. 

56'-66'. Gray till similar in texture 
and composition to above till layers. 

66*-71'. Medium sand, poorly sorted, 
with rine gravel. 

71'-76.5'. Gray till similar in texture 
and composition as above till layers. 

76.5'-78.5'. Sand matrix with fine 
gravel. 

78.5-81.5'. Cray till similar in 
texture and composition as above till 
layers. 

81.5-87.5'. Reddish/brown medium sand 
matrix with pebbly gravel. 

87.5'-93.5'. Weathered limestone 
bedrock. 

Bottom of hole. 

IS*SailT SFOONI STiSNILST TUBS 
e>DtNNl80N< aeaiTCHtSi OiOTHCN 

FOAM lOOIS 

Background: 36th & Minnehaha 

MOLl NO. 

PB136 

NOTts 0N< 
WATm LCVSLS, 
WATCR RtTUNN. 
CHARACTtN OF 
OaiLLINC. ETC 

Reduced 
sampler tip 
to speca. 

Loss of all 
washing and 
mud @ 87.5'. 

NO. 

18 

19 

20 

21 

HOLE NO. 
PB136 



OBSERVATION WELL CONSTRUCTION SUMMARY 
MMCCT TAR 1-619-078 

Background clean location 36th & Minnehaha WELL NO. 
PB136 

•ITf 
OOOROtNATEB ^ 
DATE COMPLETED ^0/"/82 

SUPERVISED BY P.Huldobro 

AQUIFER 
Limestone 

Plattevllle 

OROUND 
ELEVATION 9U8.88 

Topaoll 

Peat 

Medium sand 

Peat 

Alternating 
layers of gray 
till and outwaah 

Medium sand 
^d gravel 
outwaah 

Limestone bedrock. 

Elevation of reference point 

Height of reference point above 
ground surface 

910.53 

1.65 

Depth of surface seal 

Type of surface seal: concrete 

I.D. of surface casing 
Type of surface casing: 
vented locking cap 

4" 

5.35' 
{Depth of surface casing 

I.D. of r i ser pipe , . . 
Type of riser pipe: galvanized 

10.5 section 

2" 

4" 
m I Diameter of borehole 

cement/bentonlte 1:1 822.88/86' 
Type of filler; ^ 

• * Elevation / depth of top of seal 
Type of seal: 6/1 cement/bentonlte 

Type of gravel »21 38/87 5' 
Elev./depth of top of gravel pack ' 

Elevation / depth of top of screen 
Description of screen 3 x2 welded 
slot No. 10 galvanized steel 

819.58/89.3' 

I.D. of screen section 

Elevation / depth of bottom of screen 

I
bentonlte 

Elev./depth of bottom of 
Elev./depth of bottom of plugged 
blank section 

Type of filler below plugged 
ser Hon bcntonlte 

816.58/92.3' 

816.58/92.3' 

815.38/93.5' 

-{Elevation of bottom of borehole 
W815.38/93.5' 

FORM loot 8 CA 



m •ORIN* LM 
"iifr 

Background I 36th & Minnehaha 

eaojtCT 
Rellly Tar 

JOB Na 
1-619-078 

INIIT NO. 
1 or 2 

NOkt NO. 
FBI 37 

INNTIS located approximately 
30' N ol PB136 

ANOLC fNOM HONIZ. 
90° 

BtaaiNo 

10/26 
COMPtlTtO 
10/28 

OBILLIB 
Braun Engr IONILL Maat AND MOOIL 

CME-75 
HOLt SIZE 

4" 
OVZNBUNOZN 111.) 

85.0 
NOCX («l.1 

1.5 
TOTAL OZNTH 

86.5' 
eoBi ncovt«Tiih%t eoNi aoxis 

tANPLl HAUMIN WIIOHT/FALL 
UOd/10" 

BAMPLIB I IL. TOP or CASINO 
8 I 910.9 

CASINO LirT IN HOLl> OlA./LfNOTN 
2"/cs90' 

OEPTH/SL. OROUNO WATZN 
8.7'/900.44' 

OIPTH/IL. TOP or NOCX 
85/824.14 

LOeoIO BT> 
F. Huldobro 

OZSCaiPTION AND CLASSiriCATION 

0-3'. Topsoll with grass and roots 
and pebbles. 

3'-7.5'. Fibrous peat. 

7.5'-11.5'. Top and bottom of sampler 
show gray clays. 

11.5'-25'. Gray till. Assumed from 
log of borehole FB136. 

2S'-37.5'. Coarse outwash. Assumed 
sane stratigraphy as borehole FB136. 

37.5'-51.5'. Gray till. Assumed some 
stratigraphy as borehole PB136. 

NOTES ON I 
WATER LEVELS, 
WATER RETURN, 
CHARACTER OF 
DRILLINO, ETC 

SI - 3" X 30" 

Water table 
(aa!8' 

Washings are 
uniform 
throughout the 
rest of the 
hole. Showing 
fine gravels 
and some gray 
S/C. Very 
little sand. 

3^ 

4* 

5* 

6* 

SSi SPLIT SPOONi STaSHELBT TUBE 
B'BENNISON' P> PITCHER I 0> OTHER 

'CRM lOOSA 
Background: 36th & Minnehaha 

*Sample for 
physical 
measurement 
only 

HOLE NO. 
FBI 37 



ffA lORINO LOO 

H 
PROJtCT 

Rellly Tar 

JOB NO 
1-619-078 

SMCCT NO 
2 or 2 

MOLf NO. 

FBI 37 

ni 

Jix. 

w 

ii 

XL XI 

3-' 
i s 

PtNtraaTiON 
BLOWS 

BLCVKTION 

8S7.64 

853. 14 

843.14 

838.14 

832.64 

830.64 

824.14 

822.64 

90-

- M 

99-

ao-

•9-

-P 

TO- <; 

T9-

eo-

OCBCNIPTION ANO CLASBIPICATION 

51.5'-56'. Outwaah sand. Aaauoed aaae 
atratlgraphy as borehole FBI36. 

56'-66'. Cray till. Aasumed 
atratlgraphy as borehole FB136. 

66'-71'. Medium sand. Asaumed 
atratlgraphy as borehole PB136. 

7r-76.5'. Cray till. Assumed 
stratigraphy as borehole FBI 36. 

76.5'-78.5. Sand and gravel. Assumed 
from burelog FB136. 

78.5'-85'. Cray till, 
stratigraphy as FB136. 

Assumed same 

89-

M 

85'-86.5' 
atone; 

Bedrock. Weathered llme-

Bottom of hole 

NOT! 8 0N> 
WATtR LCVELS, 
WATER RETURN, 
CHARACTER OF 
DRILLINO, ETC 

Loss of H2O & 
mud. Roller 
bit to 86.5' 
Is difficult 
and Jumpy. No 
washings are 
recovered. 

M 
F 
L 
C 
NO. 

St<SRLlT S»OOM< STiSHCLSV TviaC 
OiOINNlMN' RiRtrCHtRi OaOTNCn 

StTI 
Background: 36th 6 Minnehaha 

HOLC MO. 
PB137 

rOMM lOOIt 



OBSERVATION WELL CONSTRUCTION SUMMARY 
muiCT I" 

36 & Minnehaha 
WELL NO. 

PB137 

SITE 

mmi 
DATE COMPLETED 

AQUIFEP 
Glacial Drift 

SUPERVISED BY 
P. Huidobro 

909.14 OROUND 
ELEVATION 

o" 

Topsoi 

Feat 
Band 
Peat 

Alternating 
layera of gray 
till and outwash 

OutwiiH" 
Gray till 

Medium eand with 
pebbly gravel 

Limestone bedrock 

Elevation of reference point 

Height of reference point above 
ground surface 

Depth of surface seal 

Type of surface seal: concrete 

?19-? 

1.76 

r 

I.D. of surface casing 
Type of surface casing: steel with 
vented locking cap 

4" 

[Depth of surface casing 

II.D. of riser pipe 
'Type of riser pipe: galvanized steel 

5.24' 

2" 

Diameter of borehole 

1/1 cement/bentonite 
Type of filler: 

Elevation / depth of top of seal . 
Type of seal: 1/1 cemefit/bentonite 

_ , , , silica sand No. 20 
Type of gravel pack 
Elev./depth of top of gravel pack 

Elevation / depth of top of screen 
Description of <;rrgpn"0. 10 slot 
welded galvanized steel 

4" 

I.D. of screen section 

Elevation / depth of bottom of screen 

Elev./depth of bottom of gravel pack 
Elev./depth of bottom of plugged 
blank section 

Type of filler below plugged 
sec 11 on 

-[Elevation of bottom of borehole 

834.54/74.6' 

833.54'/75.6' 

826.84'/82.3' 

822.64'/86.5' 

822.64'/86.5' 

822.64786.5' 

822.64'/86.5' 

FORM loot 

GCA CORPORATION 
^ Ihchnoiiogy Division 



^ BOIIINO LOO PROJECT 

Rollly Tar 
J08 NO 

1-619-078 
•MEET NO. 
1 OF 2 

MOLE WO. 

FBI 38 
•IT( 

34th 4 Xyloii-Wyomtng 
COORDINATE* ANOLE FRDN MORII. 

90° 
DEARIND 

•nuN 1 CONFLITEO I DRILLER 
10/29111/2/82 1 Braun Enar 

DRILL NAME AND NODEL 
CUE-75 

HOLE SIZE 

4" 
OVERDUROEN III.) 1 ROCK IIM 

77.8 J ^7 
TOTAL OEPTM 

78,5' 
CORE RECOVERY 1 (L %l ICORE DOZE* 1 EAMFLES 

140E/30" 1 - 1 19 
EL. TOR OF CAdND 

909.77' 
(ROUND EL.I DEPTM/EL. (ROUND WATER | DEPTM/EL. TOP OF ROCK 

907.46' 1 - 1 77.8'/R2q.Sfi' 
•AMFIE MANNER WEIOMT/FALL 

I40E/30" 
CAilNO LEFT I 

2" 
N MOLE' DIA./LENDTt 
/a80' 

1 1 LO((EO BT< 
1 P. Huldobro 

OCSCRtPTION AND CLASSIFICATION 

0-4'. Topeoll. Sand and pebbles, 
roots, grass, and gray clay. 

4'-6.5'. Brown sand, mostly quarts, 
chunks of tar; oxidized S/C zones. 

' ̂  \6.S'-7.0'. Fibrous peat. 

7.0'-10.5'. Black/brown nonflbrous 
£eat. 

10.5'-14.S'. Poorly sorted sand with 
fine gravel. Mostly quartz and 
feldspar. 

14.5'-30'. Cray till. Dense, fine 
silt and clay. Pebbles of limestone, 
angular, and rounded mafic rocks; red 
sandstone and agate (red). Yellow/ 
brown oxidation zones at the top. 

30'-34'. Coarse gravel of weathered, 
limestone, olivine basalt, red sand
stone and granitic rocks. 

•(••FLIT (F00N< iTi(N(LBV TUIC 
B«OIWWI«OW F.FlTCHfRi 0>0THIII 

•onu lOOSA 

NOTCS ON I 
WAT(R LtVCLS, 
WATtR RCTURN, 
CHARACTtR OF 
PRILLINO, ETC. 

Drilling, un
interrupted 
using method 
of sampling 
ahead of the 
casing; RB 
3' and driving 
casing 5' 
supply of mild 
Is continuous 
now, due to 
use of a 
Longyear mud 
mixer. Opera
tion goes 
faster and 
without problem 

34'-64'. Outwash sand. Brown, 
moderate to well sorted. Mostly 
quartz, agate, and mafic minerals, 
some orthoclaae. Grain size Increases 
with depth. Thin, very dense silt and 
clay layers observed at 53' and 59.5'. 

5* 

10 

34th & Xylon/Wyomlng 

ASample for 
physical 
measurements 
only. 

MOLE NO. 
FBI IB 

12 



JOB NO 

1-619-078 
SME€T NO 
2 Of 2 

OEBCNIPTtON «N0 CLASBIftCBTION 

64'-67.5'. Medium to coarse outwaah 
sand and fine gravel with thin layers 
of allt and clay. 

67.5'-75*. Cray clay, dense, with 
very fine lenses of fine aand. Large 
rafted pebbles of basaltic composition, 

7S'-77.8'. Coarse sand with chips of 
weathered limestone. 

77.8'-78.3'. Bedrock, weathered 
.limestone. Bottom of hole. 78.5'. 

34th & XylonAfyoming 

MOLE NO. 

FBI 38 

NOTES 0N< 
WaXEN LEVELS, 
WATER RETURN. 
CNARACTER Of 
ORILLINS, ETC 

No loss of H2O 
at bedrock 
contact. 
Uaahinga from 
8.0' come out 
with fine sand 
and large LS 
chips. 

16 

18 

NOLE NO. 
FBI 38 

fORW lOOSB 



OBSERVATION WELL CONSTRUCTION SUMMARY 
HWJICT ""Iv I" : 
Sill 3Ath & XylonAfyomlng 

OOORMNATCS : 

OATC COMPLCTCO 

8UPCRVI8C0 BY . 

11/2/82 

P. Huldobro 

WELL NO. 
PB138 

AQUIFCN 
Glacial Drift 

GROUND 
ELEVATION 907.46 

—PSF Top aoll 
Sand 
?sir 
Alternating 
layers of gray 
till and outwaahV 

Outwash sand 
an<f fine gravel 

Clay 

Elevation of reference point 

Height of reference point above 
ground surface 

Depth of surface seal 

Type of surface seal: £22£££E£. 

909-77 

1.81 

I.D. of surface casing 
Type of surface casing: _____ 

-foepth of surface casing 

-| 1.0. of riser pipe , , . 
'Type of riser pipe: 

5.19* 

2" 

steel, coupled 

[Diameter of borehole 

cement/bentonlte 1:1 
-| Type of filler: 

[Elevation / death of top of seal 
Type of seal: 6; I cement/bentonlte 

silica sand #20 Type of gravel pack 
Elev./depth of top of gravel pack 

'Elevation / depth of top of screen 
Description of screen No. 10 slot 
yelded galvanized steel 

Sand 

Limestone bedrock 

I.D. of screen section 

Elevation / depth of bottom of screen 

Eiev./depth of bottom of gravel pack 
Elev./depth of bottom of plugged 
blank section 

Type of f^lller below plugged 
bentonlte 

-{Elevation of bottom of borehole 

849.96/57.5' 

848.16/59.3' 

843.96/63.5' 

2" 

840.96/66.5' 

835.46/72' 

828.96/78.5' 

828.96/78.5' 

FORM 1008 

GCA CORPORATION 
Tachnt^y Division 



m •ORINO LOO 
tITI 
31Bt 4 Quoboc 
•tMN 
M/3 

COOMOINBTtS 

BNOJtCT 
Rellly Tar 

COM»LtT(0 1 OailktM 
11/4/82 Braun Engr. 

OaiLL MBRE BND MODEL 
CME75 

eo«f weovi8vifi.%i |eoi» MXII | MMPLES EL. TOP or casino 
896.45 

taM»LE HaMMES WEIOHT/raLL CaSINO LEFT IN HOLE' Oia./LENOTH 
l40»/30" 2"/w70' 

JOS NO 
1-619-078 

BNOLE raOM HONIZ. 
90° 

HOLE SIZE 
4" 

OVENSURDEN (II I 
63.5 

SHEET NO: 
1 or 2 

BEaRINO 

MOLE NO. 
FBI 39 

ROCK (III 
4.0 

DERTN/EL. OROUND waTER 

TOTRL OERTH 
67.5' 

DERTH/EL. TOR or ROCK 
64'/829.67 

LOOSED SY> 
P. Huldobro 

OESCRiRTiON ano CLassiricaTioN 

0-6'. Topsoll. Organic rich, roots 
and oxidized zones. Coarse sand and 
gravel. Bloturbated. 

6'-18'. Thin layer (3") of fibrous 
peat followed by black, nonflbrous 

. peat, strong decomposition odor. 

18'-21.5'. Lacustrine clayey silt 
with thin lenses of fine sand. 

21.5'-22' Medium sand. 

22'-23.7'. Sllty clays. 

23.7'-25'. 
V gravel. 

Outwash sand with <1X 

25'-34.5'. Gray till. Fine sand In a 
S/C matrix with gravel of granitic 
and mafic rocks, and limestone. Red/ 
brown oxidized zones Interlayered. 

34.5'-64'. Outwash sand and gravel. 
Sand fraction la brown, fine to coarse 
consisting mostly of quartz and rock 
fragments. Fine to coarse gravel of 
both gravlmltlc and mafic rocks mixed 
with limestone and red sandstone, 
a one-Inch layer of red till Is 
Observed at the bottom of the outwash 
layer In contact with the limestone 
idrock. 

BtiSRLIT IROON' STIENELST TUBE 
O'OENNIBON I RiRITCHERi 0> OTHER 
rORM loosa 

3let & Quebec 

NOTES 0N> 
waTER LEVELS, 
WaTER RETURN, 
CHRRacTER or 
ORiLLINO, ETC 

Continuous 
sampling for 
top 10', after 
which samples 
are taken ahead 
of the H cas
ing, after RB 
and Introduc
tion of casing. 
Safety consid
erations are 
applied as per 
contract re
quirements 
because site 
Is suspected 
to be contam
inated. No 
contamination 
by oil or cre
osote la ob
served In the 
RB washings 
and cuttings. 

10 

Character of 
washings at 
the Interval 
where no 
samples are 
recovered are 
consistent with 
those above 
and below those 

HOLE NO. 
FBI 39 



lOKINO LOO 
R«i:iy Tat 

JOB NO. 

1-619-078 

tMCCT NO. 
2 or 2 

HOL( NO 

FBI 39 

MI u i! 

PINCTNATION 
BLOWl 

tUVKriON DtSCniPTION AND TION 

NOTtt ONi 
WATCB LtVtLl. 
WATCn NCTuNN, 
CNANACTCN or 
DPILLINO, CTC 

I. 
A 
B 
% 
A 
U 
P 
I. ( 
NO. 

88 2' 73 

88 2* 4" 117 

88 2* 133 

88 0.5 

19 26 22 25 

33 38 38 41 

40 46 52 55 

200 

TO 

64'-67.5'. Bedrock. Limestone. 

Bottom of hole. 

intervals. 
Core catcher 
replaced after 
sample 8 I 3. 
Samples IS & 16 
are impossible 
to extrude from 
liners, possi
bly due to 
highly cohesive 
fine sands. 
9 64', RB's 
Jumpy and 
hydraulic pres
sure' 800 lb. 
Washing con
tains checks of 
weathered lime
stone. 

16 

SI>|PLIT «POON< tTi8HCl.BT TUBI 
QiQINNHON' PiPITCNiNi O'OTHgN 

rOBM lOOlt 

«IT( 
31st & Quebec 

HOLC NO. 
PB139 



OBSERVATION WELL CONSTRUCTION SUMMARY 
MMCT 

31st 6 Quebec 

OOONOINATft : 

OATK COMPLCTCO 

8UPCRVI8C0 BY f. Huldflbrfl 

WELL NO. 
PB139 

AQUiFiR Gla£jLfiO£iiC 

OROUNO 
ELEVATION 893.67 

Alternating ia%r^ 
of gray till and 
outwaah 

Outwash sand 
and gravel 

Limestone bedrocic 

Elevation of reference point 

Height of reference point above 
ground surface 

Depth of surface seal 

Type of surface seal; concrete 

I.D. of surface casing 
Type of surface casing: ° ^ 

Depth of surface casing 

j I.D. of riser pipe coupled 
Type of riser pipe; 

glavaniied steel 

Type of f 11ler; 

Elevation / depth of top of seal 
Type of seal; 6;1 SPffiSat/bfintOnlte 

Type of gravel pack slUcs SS"*! 
Elev./depth of top of gravel pack 

Elevation / depth of top of screen 
Description of screen No. 10 alnt 
welded steel 

I.D. of screen section 

Elevation / depth of bottom of screen 

Elev./depth of bottom of gravel pack 
Elev./depth of bottom of plugged 
blank section 

Type of filler below plugged 
section bentonite 

-lEIevation of bottom of borehole 

896.45 

2.78' 

1' 

4" 

4.22' 

Jl. 

I Diameter of borehole 

1;1 cement/bentonite 

4" 

838.67/55' 

837.17/56.5' 

834t67/59.0' 

7" 

827.67/66.0' 

826.17/67.5' 

826.17/67.5' 

fORM loot ;CA 



SONINS LOS IsNOllCT 
1 Rellly Tar 

JOB NO 
1-619-078 O

 9
 

HOLE HO 
PB140 

•iTf 
Louisiana Ave. Hear W23 

OOOMNNaTtS ANOLC reoM HONii 
90° 

•EARINS 
-. 

aiouN leoHSkiTCD | ONILLIN 
tl/8/82| 11/10/82 1 BRAUN ENGR 

lONlLL MANf AND HOOIL 
1 CNE 75 

HOLE 
4" 

SIZE OVERBUNOEN III.) 
70 

ROCK IfO 
1 

TOTAL OEPTN 
71 ft. 

cMi •ieovc**i«i.%i leoMi loxit 

SAimi NMMt* WII4HT/r*LL 
146 fl30 

SMPLIS tk. TO* or MSINO I 
18 1 895.99' 

CMIM ktrr IN NOkI> OMVLINOTH 
2"/o73' 

OEPTN/CL. ONOUND W4TCN 

L008I0 8T> 
70/823.60 

P. Huldobro 

DCSCNirTION «ND CkASSIFICATION 

U-l./b'. top Soil, brown aAndy ciity 
with roots and grass. 
1.75'-5'. Well compacted black bltu-
mlnous material. Gravelly sand all 
coated with black material. Tar smell. 

vaiTY brittle 
iderately 

sand. 
Coarse moderately sorted brown 
Mostly qtz and rock frags red 

In color 1" layer of black sand (coated 

8'-11.5'. Very uniform layer of flb-
rous peat. Gray-black sllty clay with 
gravel cm). Strong farry smell. 

11.5'-13'. Gray medium-fine sand, 
most qtz with some gravel, weathered 
LS and x-llne rocks. 

13'-16'. Very small sllty clay gray 
on top and brown at bottom Interlayered 
with coarse gravel. Till. 

16'-65'. Outwaah. Mod. sorted sand and 
fine gravel. It Is not possible to 
determine Its color because the grains 
appear to be saturated with very smelly 
''oily" fluid that covers all particles 
with an Irrldescent sheen. Mineralogy 
and petrology are tentative at best, 
mostly qtz and rock fragments. Gravel 
components are LS. red SS and xtallne 
rocks of basaltic nature as well as 
perthltlc Igneous rocks. Subporphy-
rltlc mafic rocks are also present. 
Phanerltlc rocks of granitic composi
tion with subhedral fabric. Gravel 
component decreases with depth and the 
sediment becomes better sorted In the 
Hum to coarse sand range, which Is 

about 90* qtz with little feldspars 
and rock fragments. Silt and clay 
content of this outwaah Is lees than 
10*. 
48'-50' Into the outwaah consists of 
poorly sorted very fine to coarse sand; 
with <5* gravel and traces of silt and 
clay. Sand Is reddish brown In color, 
ind consists mostly of qtz with a 
larger component of red and black rock 
fragments and some red SS chips. Rock 
fragments are very angular and In gen
eral with a high sphericity value. 

I*•anIT ssooN- STisNtktv ruai 
BiBiNwiaowi PtsircMc*. O^OTNIN 

»osw loosa 
Louisiana Ave. Near W23 

NOTtt 0N> 
WATIN LIVILS. 
WATtN RCTUNN, 
CHANACTCR or 
ORIkklNS, tTC. 

Using existing 
pit to dispose 
of cuttings 
and mud. Sem-
ples recovered 
from tarry lay 
er ake Impossl 
ble to extrude 
from liners; 
they have to 
be scraped off 
Washing from 
smelly zones 
come out with 
an Irrldescent 
oily film on 
top. miu 
reading Is 75 
ppm. 
Casing does not 
advance beyond 
27; 
goes through. 
When pulled oui 
drill pipe Is 
chewed up. bit 
brings up a 
large chunk of 
Jasper. 
Cuttings from 
RE from 30'-
55' consist of 
sand and brokei 
gravel. Sand 
Is fine and 
gravel Is about 
cm. 

It Is possible 
that this mate 
rial Is not 
held properly 
by the core 
catcher, or 
Interfering 
with the ball 
valve on top. 
thus the sam
ples are flushe 
out. 
Left the site 
@ 16:30 after 
bitting bedrock 
heavy snow and 
hall/sleet. 

HOkl NO. 
PB140 



•ORINO LOO PROJCCT 
Rellly Tar 

JOB NO. SHCCT NO. 
[-619-078 2 or2 

HOLC NO. 
PBUO 

n 
5. PCMCTIIATION 

SLOWS 

OeSCKlPTION AND CLASSIFICATION 

NOTCS 0N< 
WATIN LtVlLS, 
WATCN NCTuNN, 
CHANACTSN OF 
DDILLINC, etc 

N 
F 
L 
t 
NO. 

38 0.5 65 

122 

SB JO" 54 

2' 10" 122 

as .5' 0.5 192 

18 29 18 18 

34 43 41 38 

21 22 17 15 

15 

16 

58'-60'. Uitwash zone with mineralogy 
and petrology almllar to overlying zone 
Well sorted medlvag aand 90X qtz 102 
feldspars and fragments or mafic rx 
and red SB. Traces of S/C. No gravel. 

63'-65'. Outwaeh la poorly sorted very 
fine to coarse brown sand with about 
5* gravel. 

24 31 59 32 

50 40 152 823.35 

822.35 

65'-70". Red/brown till In contact 
with bedrock. This unit Is composed 
of 702 very fine sand, 252 silt and 
clay and 52 medium gravel. Fine 
portion Is mostly qtz while pebbles are 
of mafic rock, and LB, angular to 
founded. Unstratlfled. 

^Bedrock - Bottom of hole. 

14 

16 

*Sample for 
physical measu
rements only 

SI •SPLIT SPOON> ST>SHCLSV TUBS 
O'DSNNlSON' PiPITCHtNi 0«0THCS 

FOAM loots 

8ITC 
Louisiana Ave. Near W23 

HOLS NO. 
FB 140 



OBSERVATION WELL CONSTRUCTION SUMMARY 
MWICT 
SITI 

OOOROINATKS 

Louisiana Ave. next to W23 

'11/10/82 DATE COMPLETED 
SUPERVISED BY P. Huldobro 

OROUND , 
ELEVATION 893.35' 

Gravelly sand 1^0; 

Fibrous peat 

Fine-medium sand 

Gray till 

Outwash sand 
and gravel 

led/brown till 

WELL NO. 
FB140 

AQUIFER 
Glacial Drift 

Limestone bedrock 

Elevation of reference point 

Height of reference point above 
ground surface 

895.99' 

2.64 

Depth of surface seal 

Type of surface seal: 

1.0' 

concrete 

I.D. of surface casing , , 
Type of surface casing: steel 7 long 

Depth of surface casing 

I.D. of riser pipe , . j ^ , 
Type of riser pipe: galvanized steel 

4" 

4.46' 

2" 

Diameter of borehole 

1:1 cement bentonlte 

4" 

Type of filler: : 

Elevation / depth of top of seal 
Type of seal: 6/1 cement bentonlte 

No. 20 silica sand Type of gravel pack 
Elev./depth of top of gravel pack 

Elevation /depth of top of screen 
Description of screen No. 10 slot 
welded galvanized steel 

I.D. of screen sect ion 

Elevation / depth of bottom of screen 

Elev./depth of bottom of gravel pack 
• Elev./depth of bottom of plugged 

blank section 

-Type of filler below plugged 
sect Inn bentonlte pAlIfets 

-|E levat Ion of bottom of borehole 

831.35'/62.0' 

830.35'/63.0' 

827.65'/65.7' 

824.65'/68.7' 

823.35'/70.0' 

822.35'/71.0' 

822.35'/71.Q' 

FORM loot JCA 
CORPORATION GCA CORPOl 

Tbchnology Division 



ReIlly Tar 
JOB NO 
1-619-078 

ANOLE FROM HORIZ. 
90° 

HOLE EIZE 

v 
OVERBURDEN (fl.l 

•MEET NO. 
1 OF 2 

BEARIN6 

HOLE NO. 
BUI 

ROCK Ifl.t 

DERTH/EL. OROUNO WATER 

TOTAL OERTH 
65' 

OERTH/EL. TOR OF ROCR 

LoaaED BT> 
p. Huidobro 

0E9CRIRTI0N AND CLA88IFICATI0N 

O'-r. Black Band and gravel. 

l'-30' la fill macerlal that cooprlaea 
the embankment for the Hwy 7 overpaaa. 
No particular odor or vlaible contamin-
ante are detected In thia interval. 
Fill ia poorly sorted material ranging 
from fine aand to fine gravel. Sand 
fraction consists mostly of qtz and 
rock fragments at LS and mafic rx. 
Gravel is comoosed mostlv of well 
rounded pebbles of gabbro and red SS. 
Between 18' and 30' there are small 
blotches of yellow-brown oxidized 
zones. 

3rilllng on a 
2-lane hwy. 
3ne lane closed 
time limitation 
for drilling. 
No casing is 
used. ' Hollow 
stem auger is 
used instead, 
with RB as 
appropriate. 
Sampler ahead 
of auger. 

30'-33'. Black ailty clay with LgX 
fine sand. 

33'-35'. Uniform layer of brownish 
eat, rich in light-brown fibers. Odorl 

35'-43.5'. Organic rich, well com
pacted dark grey decomposed peat with 
abundance of fresh H,0 shell fragments. 
Layer is odorless acid structureless.. 
Mostly silt with some clay. 

43.5'-A8'. Grey till made up of 
about 90X very fine sand and silt 
with clay and fine gravel. Strong 
creosote smell. 

Hwy. 7 West of Louisiana Ave. Ext. 

NOTES ONI 
WATER LEVELS, 
WATER RETURN, 
CHARACTER OF 
ORILLINC, ETC 

HOLE NO. 
BUI 

rOMM lOOlA 



••A BORINO LOO Rfllly Tar 
JOB NO 

1-619-078 

SHftT NO 

20r 2 
HOLE NO 

, BUI 

If 
ss 

ss 

ss 

2' 

2' 

2' 

i 
§ 

1.2" 

J.A'i 

k 

1)1 

(>i 

60 

hi 

PCNCTNATlON 
I BLOWS 

22 

16 

21 . 

27 

15 

13 

13 

U 

12 

U 

12 

12 

le 

u 

10 

ClIVATION 

• 866' 

869' 

SS 

60 

es 

i" 
i 

ij: k 

10 

DESCRIPTION AND CLASSIPiCATlON 

48*-65'. Outwash moderately to poorly 
sorted sands mixed with some gravel 
sand portion* consists of qtz, red SS> 
and mafic rock, fragments. Feldspar 
concent is <SZB mostly orthoclose. 
Gravel grains measure up to about 3 cm. 
consist of well rounded pebbles of 
mafic rucks and quartzlte. 

Bottom of hole 

NOTES 0N> 
WATER LEVELS. 
WATER RETURN, 
CHARACTER or 
DRILLING, ETC 

Forced to aban
don site at 
15:30. Boring 
grouted to the 
top and cutt
ings discarded 
on site. 

11 

SS • SPLIT SPOON- ST • SHCLST TUBE 
OiPENNlSON- P«PITCMER< O'OTHfR 

SITE 
llwy. 7 West of Louisian^ Ave. Bxt. 

HOLE NO. 
BUI 

rORM lOOSB 



MINN* LOO MOJfCT 

Rellly Tar 
JOB NO 

1-619-078 

<HC(T NO. 

lOr 2 
MOLf NO. 

BU2 
BITI 
Wiilkcr Avo. 6 l.iiiilalano Ave. Ext. 

COOmiNATtS ANSLC raOM HORIX. 
90° 

BCANINO 

•nUN ICOMRlfTIO 
11/I I 11/11/82 

DNIILCN 
BRAUN ENGR 

ONILk MAXt ANO MOOCL 
CME 75 

HOLC SIZE OVCRBUROEN (ft.) 
63.7 

Roex III.) 
0 

TOTAL OERTH 
63.7 ft. 

CORE RtCOVIRVI«l,%l CORE BOXIB EL. TOR OR CABINS 

EAMRLE HAMMER WEISHT/RALL 
KO 

CABINS LERT IN HOLE- DIA./LENOTH 

ss 

ss 

lis 

•y 1.1" 

•y 

2" 

2' 

SS y 

ss 

ss 

2' 

2' 

37 75 

2A 0 

47 50 

14 0 

46 50 33 

11 

20 

28 33 

26 50 

12 

18 

13 

15 

13 

12 

15 

12 

10 

16 

13 

M 

is-

ss 

m 
m 

-.0-. 

m, i 
M 
• yift; m 

45-^1 

OCPTM/CI.. OROUNO WATIR OEPTH/CL. TOP or ROCK 
63.7/ 826.4V 

LOGOeO BTi 
p. Huidobro 

DESCRIPTION ANO Cl. ASSiriCATION 

0-0.5'. Top Boli, orgHnlCt grasBB -
0.5-2'. Brown fill sandy clay, fibrous 
fine graveJ (1 cm). No odor or cont^i-

yinanta presont, aand amount increases. 
2'-5.5'. Bro%m peat, fibrous g 3-4' 
non-fibrous @ 4*-5.3*. 

5.5'-6.5' Medium to coarse sand. 
6.5*-lO'. Uniform layer of black 
organic soli, mostly clay with fine 
gravel up to i cm. No odor moist 
on top. 

NOTES ON I 
WATER LEVELS. 
WATER RETURN, 
CHARACTER OP 
ORILLINO, ETC. 

Original site 
Under 2' of H^O 
due to heavy 
rain. Moved 
Location across 
the street. 
3rill using 
lallow skin au
ger with RB as 
appropriate AW 
od. Auger Is 

3 1/4" l.D. 
10'-4a'. Outwash; 
13'-20'. Moderately sorted coarse san^ .. 
with strong cresole smell contaralnaHo^^P^® -J 
Is not visible. 80% qtz, 5% LS, 15% ' 
mafic minerals and rock fragments. 

23'-45*. Unstratlfled outwash with 
very poorly sorted sand and fine gravel 
(2-10 mm) Hand composition similar to 
l3'-20' layer, gravel la about 50% 
quartzlte fragments, 30% basalt chips 
and feldapoi- phenocrysts with perth-
itlc fabric; mixed with fragments of 
red Handstuiie, limestone, and mafic 
rocks. Fragments are very anugular <> 
all shapes. * 

Creosote smell is still very evident 
In this layer through to the 45' 
marker. 

10 

11 

lie to characte 
f sediments, 

rfhich are 
irashed out due 
o grain size, 
lharcicter of 
i^aslilngs re
nal ns the same 
hrough about 
he 45' marker: 

>redomlnanl: ly 
Ine sands. 

3* 

SI'SPLIT BPOON< STISHELST TUBE 
O'DENNISON* PiPtTCMCRi O'OTHfR 

rOAM lOOSA 

SITE 
Wnlker Ave, and Loulalana Ave. Ext. 

HOLE NO. 

1)142. 



lORINO LOO ^HOJtCT 
Rellly Tdr <??I5?078 vietT 

2 OF 2 

OESCKl^TION 4N0 CLASSIFICATION 

A8'-:}5' • Unscratlfled red glacial 
till. Strong creosote odor. No vlslbl« 
contamination. Highly compacted sllty 
clay, <32 fine sand; gravel of mostly 
basalt and angular rock fragments. 

53'-63'. Ouiwash. Brown sand (quartz, 
mafic rock, (ragments, red sandstone and 
LS. Gravel at bottom, LS and red 
sandstone. Creosote smell. 

Bedrock. Weathered limestone. 

Bottom of hole. 

MOLt NO 
fiU2 

NOTES 0N> 

WATER LEVELS. 
WATER RETURN. 

CHARACTER OF 
ONILLINC, ETC 

Auger Jumps 
and jerks 0 
63*. 
Truck lifted 

63.7'. . 

12 

U 

SB-SFLIT SFOON- ST'SHCLSV TUBE 
QiQINHiSON' PiFlTCHCR' O.QTMCR 

FORM lOOSB 

Walker Ave. and Louisiana Ave. Ext. 
MOLE NO. 

BU2 



•OHINO LOS 
•It* rnteil 8 Iif Hy 7i 

164' W uf WI3 
•fOUM 
11/17 

COM^LITtO 
11/19/62 

VROJCCT 

Rellly Tar 
COOOOIMATH 

OMiCkta 
Braun Engr 

COM aicovtaviikX) 

DRILL M«RI AND MOOtL 
CME-75 

CORE MIIK I SaMRLES 
n 

EL. TOP OP caaina 
897.72' 

JOB NO 

1-619-078 
ANOLE PROH HORIE. 

90° 

HOLE SIZE 
•4" 

UMPLE HAMMER MEIOHT/PALL 
1401)/in" 

CASmO LEPT IN H0LE> OIAVLENOTH 

OVERBURDEN III I 
51 

SHEET NO. I HOLE NO. 
' OP 2 PB144 

BEARINO 

ROCK III.) 
8 

DEPTH/EL. GROUND WATER 

TOTAL DEPTH 
59' 

DEPTH/EL. TOP OP ROCR 
a5r/844.02' 

LOGGED BVI 

DESCRIPTION AND CLASSIPtCATlON 

0-13'. fopaoll. Black aandy muck, 
uxldlzed zonea. LS and SS pebles. 
Strong smell of rubber. Fev iaolated 
chunks of fibrous peat. 

13'-15'. Brown fibrous peat. Strong 
creoaoto and H2S amcll. 

15'-24'. Black peat. Very mature with 
shell fragments. Slightly fibrous. 
Strong creosote and H2S smell. 

24'-26.5'. Brown allty clay with 
black blotches. Strong odor. 

26.5'-5l'. Outwash. Poorly sorted 
medium to coarse sand and fine to 
medium gravel. Isolated chunks of 
bituminous material. Mineralogy of 
sand la mostly quartz and rock frag
ments. Gravel la chiefly limestone, 
mafic rocks, granitic rocks and agate 
(red). Strong odor of H2S and creosote 

• 5 •SPLIT SPOON' ST.SNELBT TUBE 
D'OENNlSON' Pi PITCHER I 0* OTHER 

rORH 1003 A 

Filled swamp S of Hy 7; 164 U of W13 

NOTES ONi 
WATER LEVELS, 
WATER RETURN, 
CHARACTER OP 
DRILLING, ETC 

@ 18' no wash
ings come out 
during casing 
driving. 
Probably due 
to dissolution 
of organic 
materials. 

aSamplc for 
physical 
measurements 
only 

HOLE NO 
PB144 

4* 



* I 

••A BORINO LOO moJtcT 

Rellly Tar 
JOB HO 

1-619-078 

SMKT HO 
2 Of 2 

MOLt HO 

PUUA 

if 
% 

hiS 
ifS 

aiNtTHATlON 
BkOWS 

CLCVATION OESCHIPTION AND CLASSIFICATION 

NOTES 0N> 
WATER LEVELS, 
WATER RETURN. 
CHARACTER or 
DRILLINS, ETC 

NO 

ss 2' 110 

88 89 

SS 

IS 63 61 36 

55 36 28 25 

77 238 

5r-59'. LlmcBtone bedrock, weathered. 

836.02 Bottom of hole. 

Samples lost 
here are prob
ably being 
washed out or 
the <1 of blows 
la the result 
of compaction 
of weathered 
material by 
the sampler. 

SS'SRtiT SPOON' ST>SHELST TUBE 
DIOENNISON- PI PITCHER I Oi OTHER Filled swamp S of Hy 7; 166 W of W13 

HOLE HO, 
PB166 

'ORM lOOSB 



OBSERVATtON WELL CONSTRUCTION SUMMARY 
HKWtCT 
9ITC Filled ewamp; 

WELL NO. 
PB144 

OOOROINATeS 
DATE COMPLETED 
SUPERVISED BY f- Huldobro 

AQUIFER ClAclal Drift 

OROUNO 
ELEVATION 895.02 

lop soil 

Fibrous peat 

Black peat 

Sllty clay 

OuCwaah sand 
and gravel 

Limestone 

Elevation of reference point 

Height of reference point above 
ground surface 

897.72 

2.70' 

Depth of surface seal 

Type of surface seal: concrete 

i.0. of surface casing 
Type of surface casing: black steel 

4" 

loepth of surface casing 

i.D. of riser pipe , 
Type of riser pipe: 
coupled 10.3' section 

4.3' 

2" 

-j Diameter of borehole 

1:1 cement/bentonite 

4" 

Type of filler: 

Elevation / depth of top of seal 
Type of seal: 6;1 cement bentonlte 

Type of gravel 20 silica sand 

Elev./depth of top of gravel pack 

Elevation / depth of top of screen 
Description of screen 

853.72/41.3' 

852.72/42.3' 

850.72/44.3' 

No. 10 slot galvanized, welded steel 

i.D. of screen sect ion 

Elevation / depth of bottom of screen 

Elev./depth of bottom of gravel pack 
~ Elev./depth of bottom of plugged 

blank section 

Type of filler below plugged 
sect ion bentonlte 

-lEIcvation of bottom of borehole 

847.72/47.3' 

843.02/52' 

841.02/54' 

836.02/59' 

FORM looa 

A A A GCA CORPORATION 
WwA Technology Oivislon 

GCA 



\ 

PRELIMINARY SUMMARY OF PHYSICAL TESTING RESULTS AT REILLY TAR SITE FO^SAMPLES TAKEN DURING 
OCTOBER-NOVEMBER 1982 BY GCA/TECHNOLOGY DIVISION 

FB 137 IB 138 P« 139 IB 140 IB 142 IB 

Test 
#1/4*-5' 

non-fibrous peat 
#5/8'-10.5* 

till 
#6/10.5'-13' 

till 
#5/8*-10.S* 
lac. clay 

#13/4«*-50' 
CM ontnasta 

#8/20'-22.5* 
lac. clay 

#5/8*-10.5" 
lac. clay 

#3/4'-4.5' 
DM oucnash 

#4/l5*-17.5* 
fibrous peat 

^ (sm.) 7.4 X 10-/ 3.5 I 10"/ 2.1 I 10"/ 7.2 X 10-8 •- 7.6 X 10-8 - - 1.2 X 10"/ 

Kb - - - - - - -

Porosity (Z) • 28 28 39 - 45.. - • - ' 

Particle 
Size 

OZ grace 1 
411 sand 
551 silt 
4Z clay 

4. 7Z grace 1 
49.7Z sand 
28.1Z silt 
17. SZ clay 

2. 2Z gracel 
53Z sand 

27.1Z silt 
17.5Z clay 

1.3Z gracel 
35.IZ sand 
44.IZ silt 
19. 5Z clay 

OZ gracel 
14.6Z sand 
7S.4Z silt 

1(B clay 

OZ "gracel 
ISZ sand 
60Z silt 
25Z clay 

IOC 190,000 ng/kg 2,500 mg/kg 2,100 ng/kg 
2,800 ng/kg 

3,400 ng/kg 900 ng/kg 6,600 s«/kg 7,600 ng/kg 110,000 mg/ki 

*Test in progress. 



^ tORINO LOO ROOJICT 

Rellly Tar « 

JOB N& 

1-619-078 

SHEET NO. 
1 OP 2 

HOLE NO. 

FBI 36 
SITE 
Background: 36th 6 Minnehaha 

eOMlMATIt ANOLE room MOOIZ. 1 BEAOIHO 
90° 1 -

BESUR 1 COMPLETED | DRILLER | DRILL MAKE ANO MODEL 
10/18 1 10/25 1 Braun gngr | CME-75 

HOLE SIZE 
4" . 

OVERBURDEN IIM 
87.5 

ROCK (IM 

6 

TOTAL DEPTH 
93.5' 

CORE RECOVERY IIL%) ICORE BOIES 1 SAMPLES I. . - 1 tL. TO# Of CMINOl OOOUND EL.I OC#TN/fL. OOOUOD WATEO 
9J0.53 1 908.86 | 6.6*/900.26 

OEPTH/EL. TOP OP ROCK 
87.5/821.38 

fMnf NMMitR wfMMf/fAti UrV m HOLC OM/LrMTH 
140#/JO" 2"/*95* 

LOOCEO OVf 
p. Huidobro 

i! 
PCNKTMATION 

•LOWS 

IlMTlON 

908.88 

DCSCNIPTION AND CLASSIPICATION 

NOTIS ONi 
WATC* LIVtLS, 
WATER RCTURN. 
CMARACTIR OP 
DRILLINO, ETC 

W 
2.V 2' 6" n 

88 

88 

88 

88 

88 

88 

88 

88 

88 

2' 12" 18 

2' U" 10 

2' 20" 10 

29" 11 

23.8 35 

23.2 38 

18" 33 

50 

0.7' 47 

2' 4" 

57 

94 

0-4'. Topaotl, organic, roots, and 
graas. 

904.88 
4'-6'. Brown flbroua 

902.88 
902.38 

900.88 

JiSk 
/ 6'-6.5'. Black nonflbroua peat. 

6.5'-8'. Med. to coarse sand with 
oyKflOlc tlch 5/C gonea. 

899.38 
898.88 

8'-9.5'. Nonflbroua peat. 

10 en 

11 U 13 

IS 

10 12 16 

20 

\9.5'-10'. Outwaah sand. 

10'-26'. Gray till. Very fine sllty 
clay with scattered pebbles of lime
stone, sandstune (red) and mafic rocks. 

Hud & cuttings 
discharged to 
creek aa OK by 
Mike Hansel; 
standplpe with 
2.65' atlckup. 
Water table 
«8.6'. 
Operation 
start @ 11:00. 
SS sampler la 
2.5" ID and 
the tip la 
flush Inside. 

12 16 

10 14 

15 21 

21 19 

It •SPLIT iPOON> ST • SHELBY TUBS 
0>0ERNIS0N> Pi PITCHER' Oi OTHER 

26'-38'. Coarse outwash. Coarse sand 
(reddish/brown) fine fine to medium 
gravel of red sandstone, limestone, and 
basaltic rocks, and rock fragments. 

38'-51.5'. Cray till. Similar In 
texture to above till layer. A few 
oxidized S/C rich layer (thin) are 
observed. 

Background: 36th 6 Minnehaha 
HOLE HO. 

1 FBI 36 

10 

'ORM I005A 



JOB MO 

1-619-078 

SMrtT NO 
2 Of 2 

MOLC MO. 

V8136 

OeSCMlMTlON AMD CLABBlflCATlON 

51.5*-36*. Outwaeh aand. Medium sand; 
quartz, feldspars and rock fragments, 
fine gravel of mafic rocks. 

S6*-66*. Gray till similar In texture 
and composition to above till layers. 

66'-7l'. Mudlum aand, poorly sorted, 
with fine gravel. 

7r-76.5'. tiray till similar in texture 
and composition as above till layers. 

76.5'-78.5'. Sand matrix with fine 
gravel. 

78.5-81,5*. Gray till similar in 
texture and composition as above till 
layers. 

81.5-87.5*. Reddish/brown medium sand 
matrix with pebbly gravel. 

Weathered limestone 

Bottom of hole. 

Background: 36th & Minnehaha 

fOBM lOOlB 

MOTCS 0N> 
wATrn LCVBLS, 
WATra BCTUBN. 
CHABACTCfl Of 
OMttLlNG. ETC 

Reduced 
sampler tip 
to specs. 

Loss of all 
washing and 
mud @ 87.3*. 

L 
A 
B 
S 
A 
M 
P 
L 
C 
MO. 

18 

20 

21 

HOLE MO. 
PB136 



OBSERVATION WELL CONSTRUCTION SUMMARY 
MMCT 

078 

Background claan location 36th & Minnehaha 
WELL NO. 

PB136 

itrc 
OOOROtNATES -Jl 
DATE COMPLETED ^0/25/82 

SUPERVISED BY P.Huldobro 

AQUIFER 
Limestone 

Plattevllle 

OROUND 
ELEVATION 9U8.88 

Topaoll 

Peat 

Medium sand 

Peat 

Alternating 
layers of gray 
till and outwash 

Medium sand 
^d gravel 
outwash 

Limestone bedrock, 

Elevation of reference point 

Height of reference point above 
ground surface 

910.53 

1.65 

Depth of surface seal 

Type of surface seal: concrete 

1.0. Of surface casing 
Type of surface casing; 
vented locking cap 

4" 

•(Oepth of surface casing 

J 1.0. of r i ser pIpe , 
^Type of riser pipe: galvanized 
10.5 section 

•IDiameter of borehole 

5.35' 

2" 

4" 

-| Type of filler: 
cement/bentonite 1:1 822.88/86' 

Elevation / depth of top of seal 
Type of seal: 6/1 cement/b^ntgnlte 

Type of gravel p3,,No^_20_8lUca_^d 
Eiev./depth of top of gravel pack 

Elevation / depth of top of screen 
Description of screen 3'x2" welded 
slot No. 10 galvanized steel 

819.58/89.3' 

I.D. of screen sect Ion 

Elevation / depth of bottom of screen 
bentonlte 

Eiev./depth of bottom of gaaM^s^Mak 
Eiev./depth of bottom of plugged 
blank section 

"Type of filler below plugged 
sect Ion bentonlte 

-lEIevation of bottom of borehole 

816.58/92.3' 

816.58/92.3' 

815.38/93.5' 

W815.38/93.5' 

FORM loot A 
;A CORPORATION 

inology Division 



m •ORINO LOO PROJECT 
Rellly Tar 

IJOD NO. 
|l-619-078 

SHEET NO. 
1 OF 2 

MOLE NO. 
PB137 

SITE 
Background: 36th 6 Minnehaha 

COORDINATES located approximately 
30' N of PB136 

ANSLE FROM HORIE. 
90° 

1 DEARINS 

snwN ICOMPLITID 

10/261 10/28 
DRILLER 
Braun Engr 

DRILL MARE AND MODEL 
CME-75 

HOLE 

A" 
SIZE 1 OVERDUROEN (Ft.) 

1 8S,0 
ROCK Ifl.) 

1,5 
TOTAL DEPTH 

86.5' 
CORE RICOVtRTIII,%l CORE RORER 

• -
SAMPLER 

8 
EL. TOP OF CASINO 

910.9 
SROUND EL. 
909,111 

DEPTH/EL. SROUND WATER 
8,7'/900,AA' 

DEPTH/EL. TOP OF ROCR 
85./82A,lA 

SAMPLE HAMMER WEISNT/FALL 
UOE/IO" 

CASINO LEFT 1 
2"/i 

N HOLE! DIA./LENSTI' 
W90' 

1 LOOSED BYi 

P. Huldobro 

DESCRIPTION AND CLASSIPICATION 

0-3'. lopsoll with grass and roots 
and pebbles. 

3'-7.5'. Fibrous peat. 

7.5'-11.5'. Top and bottom of sampler 
show gray clays. 

11.5'-25'. Gray till. Assumed from 
log of borehole PBI36. 

25'-37.5'. Coarse outwash. Assumed 
—I sane stratigraphy as borehole PB136. 

37.5'-51.5'. Gray till. Assumed same 
stratigraphy as borehole PB136. 

NOTES ON I 
WATER LEVELS, 
WATER RETURN, 
CNARACTER or 
ORILLINO, ETC 

ST - 3" X 30" 

Water table 
@a!8' 

Washings are 
uniform 
throughout the 
rest of the 
hole. Showing 
fine gravels 
and some gray 
S/C. Very 
little sand. 

SB • SPLIT SPOONi STISHELST TUBE 
P'DENNISON' PiPITCHERi O'OTMER 

rORM lOOSA 
Background: 36th 6 Minnehaha 

•Sample for 
physical 
measurement 
only 

MOLE NO. 
PB137 



JOB NO 
1-619-078 

SHt(T NO 
2 OF 2 

HOLl NOi 
FBI 37 

OCSCRINTION AND CLASSIFICATION 

S1.3'-36'. Outwash aand. Assumed same 
stratigraphy as borehole PB136. 

56'-66'. Cray till. Assumed same 
stratigraphy as borehole PB136. 

66'-7l'. Medium aand. Assumed same 
stratigraphy as borehole PB136. 

71'-76.5'. Gray till. Assumed 
stratigraphy aa borehole PB136. 

76.5'-78.5. Sand and gravel. Assumed 
from borelog FBI 36. 

78.5'-65'. Cray till, 
stratigraphy as FBI36. 

Assumed same 

85'-fl6.5' 
atone. 

Bedrock. Weathered llme-

Bottom of hole 

NOTES 0N> 
WATER LEVELS, 
WATER RETURN. 
CHARACTER OF 
ORILLINS, ETC 

Loss of H2O & 
mud. Roller 
bit to 86.5' 
Is difficult 
and jumpy. No 
washings are 
recovered. 

SI'MllT STifNCLtV ru9t 
0*0KNI|IS0N' PaOiTCHCW' OaOTHIR 

tiTI 
Background: 36th & Minnehaha 

Hotr NO. 
PB137 

rONM lOOII 



OBSERVATION WELL CONSTRUCTION SUMMARY 
HKMCCT ™ 

36 & Minnehaha 
WELL NO. 

PB137 

lire 

DATE COMPLETED 

Glacial Drift 
AQUIFER 

SUPERVISED BY P. Huldobro 

GROUND ngn It 
ELEVATION »09.14 

Peat t'r 
Sand 
Peat 

Topaol 

Alternating 
layera of gray 
till and outwaah 

Dutwash 
Gray till 
Medium aand with 
pebbly gravel 

Limestone bedrock 

Elevation of reference point 

Height of reference point above 
ground turface 

Depth of surface seal 
I 

Type of surface seal: concrete 

1.0. of surface casing 
Type of surface casing: Bteel with 
vented locking cap 

joepth of surface casing 

1.0. of riser pipe t j _ , 
Type of riser pipe: galvanized steel 

Diameter of borehole 

1/1 cement/bentonlte 
Type of filler: 

Elevat Ion / de 
Type of seal °cUe°^tteljnlte 

silica sand No. 20 
Type of gravel pack 
Elev./depth of top of gravel pack 

Elevation / depth of ^p of screen 
Description of screen "O- 10 slot 
welded galvanized steel 

1.0. of screen sect ion 

Elevation / depth of bottom of screen 

Elev./depth of bottom of gravel pack 
Elev./depth of bottom of plugged 
blank section 

Type of filler below plugged 
sec 11 on 

-lElevation of bottom of borehole 

1.76 

V 

5.24' 

2" 

A" 

83A.5A/7A.6' 

833.5A'/75.6' 

826.8A 782.3' 

822.64 786.5' 

822.64'/86.5' 

822.64786.5' 

822.64'/86.5' 

FORM 1008 GCA 
GCA CORPORATION 
Tbchnotogy Division 



m 
6lTf 

& Xylnii-WyomlnH 

BORINO LOO BROJICT JOB m. MtKT NO. HOLC Na 
Reilly Tar 1-619-070 1 or 2 PB138 

COMDIMTM 

•nwN I COM'llTID 
10/29 I >1/2/82 

ONILLI* 
Br«un En» 

cMi i)teoviiiTi«i,%> leoitf BOKti | s**m.it 
140<i/30" I - I 19 

ONILL M«KI AND HOOtL 

-S!fi=2i. 
CL. T0» or CAIIMS 

909.77' 

ANOLt rOOM MOKIZ. 
90° 

HOLC SIZE 

4" 

lAMni HAMMA «(IOMT/rAlL CAtIM LIFT IN NOkt< DtA./LlNaTH 
11,01/30" 2"/a 80' 

OVCRBUNDIN Ift.l 
77.8 

BCANINO 

ROCk IfM 

0.7 
DEPTH/KL. OROUND WATER 

TOTAt DEPTH 

79.?' 

LOBBED BT> 

OEPTH/EL. TOP or ROCk 

77.8'/B?B.66' 

P. Huldobro 

DESCRIPTION AND CLASSiriCATION 

0-4'. Topsoll. Sand and pebbles, 
roots, grass, and gray clay. 

4'-6.5'. Brown sand, mostly quartz, 
chunks of tsr; oxidized S/C zones. 

\6.5'-7.0'. Fibrous £eat. 

Black/brown nonflbrous 

10.5'-14.5'. 
fine gravel, 
feldspar. 

Poorly sorted sand with 
Mostly quartz and 

14.5'-30'. Cray till. Dense, fine 
silt and clay. Pebbles of limestone, 
angular, and rounded mafic rocks; red 
sandstone and agate (red). Yellow/ 
brown oxidation zones at the top. 

30'-34'. Coarse gravel of weathered 
limestone, olivine basalt, red sand
stone and granitic rocks. 

tlifPLIT IPOON' BTIINELBT TUBE 
O'BENRHON' P« PITCHER' 0> OTHER 
rOPM lOOEA 

SAth & Xylon/Wyomlng 

NOTES ON' 
WATER LEVELS, 
WATER RETURN. 
CHARACTER or 
ORILLINB, ETC 

Drilling, un
interrupted 
using method 
of sampling 
ahead of the 
casing; RB 
3' and driving 
casing 5' 
supply of mud 
Is continuous 
now, due to 
use of a 
Longyear mud 
mixer. Opera
tion goes 
faster and 
without problem 

34'-64'. Outwash sand. Brown, 
moderate to well sorted. Mostly 
quartz, agate, and mafic minerals, 
some orthoclase. Grain size Increases 
with depth. Thin, very dense silt and 
clay layers observed at 53' and 59.5'. 

L 
A 
8 
S 
A 
M 
P 
L 
E 
NO. 

5* 

10 

*Sample for 
physical 
measurements 
only. 

HOLE NO. 
PB138 

12 



JOB NO 

1-619-078 

SHEET NO. 
2 OE 2 

OEBCRIPTION AND CLASSIFICATION 

64'-67.3'. Hedlun to coarse oucwash 
sand and Cine gravel with thin layers 
of slit and clay. 

67.5'-75'. Gray clay, dense, with 
very fine lenses of fine sand. Large 
rafted pebbles of basaltic composition. 

75'-77.8*. Coarse sand with chips of 
weathered limestone. 

77.8'-78.5'. Bedrock, weathered 
.limestone. Bottom of hole. 78.5' 

SI •SPLIT SPOONI ST i SHELBY TUBE 
D'DENNISON' PiPITCNEBi Oi OTHER 

FORM lOOSB 

SITE 
34th & XylonAfyomlng 

HOLE NO 

FBI 38 

NOTES ONi 
WATER LEVELS, 
WATER RETURN, 
CNARACTER OF 
ORILLINS, ETC 

NO. 

No loss of H20 
St bedrock 
contact. 
Washings from 
8.0' come out 
with fine sand 
and large LS 
chips. 

16 

18 

HOLE NO. 
FBI 38 



OBSERVATION WELL CONSTRUCTION SUK^RY 
WKWeCT Rellly TAR ; 
8ITK 34th & Xylon/Wyomlng 

WELL NO. 
PB138 

000R0INATC8 : 
DATE COMPLCreO 

8UPKRVI8C0 BY _ 

11/2/82 
AQUIFOI 

Glacial Drift 

F. Huldobro 

OPOUNO 
ELEVATION 907.46 

Sand 

Alternating 
layers of gray 
till and outwaahV 

Outwash sand 
an<f fine gravel 

Clay 
Sand 

Limestone bedrock 

Elevation of reference point 

Height of reference point above 
ground surface 

Depth of surface seal 

Type of surface seal: concrete 

909.77 

1.81 

i.D. of surface casing -j-eei 
Type of surface casing: 

4" 

Depth of surface casing 

i.D. of riser pipe , 
Type of riser pipe: galvanised 

5.19' 

2" 

steel, cotfpled 

jOiameter of borehole 

cement/bentonite 1:1 

4" 

1 Type of filler: 

•4« Elevation / depth of top of sea Elevation / depth of top of seal 
Type of seal: Oil cemeht/bentonite 

silica sand #20 Type of gravel pack 
Eiev./depth of top of gravel pack 

Elevation / depth of top of screen 
Description of screen No. 10 slot 
Velded galvanired steel 

i.D. of screen section 

Elevation / depth of bottom of screen 

Eiev./depth of bottom of gravel pack 
Eiev./depth of bottom of plugged 
blank section 

Type of filler below plugged 
sec t ion bentonlte 

{Elevation of bottom of borehole 

849.96/57.5' 

848.16/59.3' 

843.96/63.5' 

2" 

840.96/66.5' 

835.46/72' 

828.96/78.5' 

828.96/78.5' 

rONM loot ;CA 
CORPORATION GCA CORPOf 

Ibchnology Division 



m •OKIN* Loa 
tin 
31 at t Quobec 
iftUN I COMatinp 
M/3 I 11/4/82 
CMf MC0VIIIV|||,%I 

OmLkit 
Braun Engr. 

cooaDiNans 

»R03ECT JOB Na tHEET NO. MOLE NO. 
Reilly Tar 1-619-078 1 or 2 FBI 39 

IoaiLL Matt aao MOOCL 
CME75 

841101.1 N«MMta W(IOMT/r*LL 
XbOI/iO" 

co« wait I iAMOitt I IL. TOO or catnto 
17 I 896.45 

CMINO Lirr IN HOL(> DIA./LCNOTH 
2"/»70' 

ANSLC raoM HONIZ. 
90° 

HOLE SIZE 

BcaaiNO 

OVEROURDEN (ft.) 
63.5 

ROCK Ifl.) 
4.0 

OEOTN/EL. OROUND WATER 

TOTAL OEOTH 
67.5' 

OEOTH/EL. TOO or ROCK 
64'/829.67 

LOOtEO BT> 
P. Huidobro 

OESCRIOTION ANO CLAtSiriCATION 

0-6'. Topsiill. Organic rich, roots 
and oxidized zones. Coarse sand and 
gravel. Bioturbated. 

6'-18'. Thin layer (3") of tibroua 
peat followed by black, nonfibrous 
peat, strong decomposition odor. 

18'-21.5'. Lacustrine clayey silt 
with thin lenses of fine sand. 

/ 21.5'-22'. Medium sand" 

22'-23.7'. Silty clays. 

23.7'-25'. 
V gravel. 

Outwash sand with <12 

25'-34.5'. Gray till. Fine sand in e 
S/C matrix with gravel of granitic 
and mafic rucks, and limestone. Red/ 
brown oxidized zones interlayered. 

34.5'-64'. Outwash sand and gravel. 
Sand fraction is brown, fine to coarse 
consisting mostly of quartz and rock 
fragments. Fine to coarse gravel of 
both gravimitic and mafic rocka mixed 
Kith limestone and red sandstone. 
A one-inch layer of red till is 
observed at the bottom of the outwash 
layer in contact with the limestone 

Irock. 

3l8t & quebec 

NOTEt ON I 
WATER LEVELS, 
WATER RETURN, 
CHARACTER or 
ORiLLINt. ETC. 

Continuous 
sampling for 
top 10', after 
which samples 
are taken aheac 
of the H cas
ing, after RB 
and Introduc
tion of casing 
Safety consid
erations are 
applied as per 
contract re
quirements 
because site 
is suspected 
to be contam
inated . No 
contamination 
by oil or cre
osote is ob
served in the 
RB washings 
and cuttings. 

roRM lOOJA 

Character of 
washings at 
the interval 
where no 
samples are 
recovered are 
onsistent with 
those above 
and below those 

HOLE NO 
FBI 39 

10 



•OKINQ LOO MOJICt 

Rellly Tat 
JOB NO 

1-619-078 

SHCfT NO 
2 or 2 

MOLf NO. 

FBI 39 

r 
MS u 
88 

ss 

8$ 

SB 

2' 

2" 

O.S 

ii 

4" 

73 

117 

133 

PCNtTNATION 
BLOWl 

19 

33 

40 

200 

26 

38 

46 

22 

38 

52 

BLTWION 

25 

41 

55 

826.17 

TO 

OeSCRIPTION AND CLASSiriCATION 

64'-67.5'. Bedrock. Limestone. 

Bottom of hole. 

Intervals. 
Core catcher 
replaced after 
sample B 13. 
Samples IS & 16 
are Imposeible 
to extrude from 
llnera, possi
bly due to 
highly cohesive 
fine sands. 
9 64', RB's I 
Jumpy and 
hydraulic pres
sure' 800 lb. 
Washing con
tains checks of 
weathered lime
stone. 

NOTtS ON' 
WATfN LtVlLS, 
WAT IN NCTUNN, 
CHANACTCN or 
ONILLINS, ETC 

16 

SHIPllT SPOON' STiSHCtBT TUBI 
O'OINNHON' PiPlTCWINi O'OTHIN 

rONM lOOIB 

SITI 31st & Quebec HOLI NO. 
PB139 



OBSERVATION WELL CONSTRUCTION SUMMARY 
Pmwccr Reilly Tar 
iirf 

OOOMOINArcS 

31st ft Quebec 

OATK COMPtCTCO 

SUPCNVISKO BY P. Huldobro 

WELL NO. 
PB139 

Gla£lsU2£i/t 

OROUNO 
ELEVATION «93'07 

Alternating layer; 
of gray till and 
outwash 

Outwash sand 
and gravel 

Limestone bedrock 

Elevation of reference point 

Height of reference point above 
ground surface 

Depth of surface seal 

Type of surface seal: concrete 

I.D. of surface casing , 
Type of surface casing: Bteel 7 x4 

Depth of surface casing 

I.D. of riser pipe 
Type of riser pipe: 
glavanized steel 

I.D. of screen section 

Elevation / depth of bottom of screen 

Eiev./depth of bottom of gravel pack 
Elev./depth of bottom of plugged 
blank section 

Type of filler below plugged 
sect Ion .bentonlte 

4Elevation of bottom of borehole 

896.A5 

2.78' 

A" 

A.22' 

Diameter of borehole 

Type of filler: cement/bentqnlte 

Elevation / depth of top of seal 
Type of seal: 6:1 CgTOnt/hfintflnlTP 

Type of gravel pack aand 
Elev./depth of top of gravel pack 

Elevation / depth of top of screen 
Description of screen No. 10 slot 
welded steel 

A" 

838.67/55' 

837.17/56.5' 

834.67/59.Q' 

2:: 

831.67/62.0' 

827.67/66.0' 

826.17/67.5' 

826,17/67.5' 

aoNM looa )CA 
GCA CORPORATION 
Tscbnology Division 



BDHINS LOa PROJECT 
Railly Tar 

JOB NCl 
1-619-078 

MEET NO. 
1 Of 2 

HOLE MO 
FBI 40 

BITE ICOOHDINATEB 
Louisiana Ave. Near U23 | -

ANOLE EROM HORIZ 
90° 

BIARINO 
-

BiBUN 1 COMPLETED | DHILLEH 1 DRILL MAKE Al 
tl/8/R2| 11/10/82 1 BRAUN ENCR | CHE 75 

NO MODEL HOLE 
4" 

SIZE OVERBUROEN (M.) 
70 

ROCK I'M 
1 

TOTAL OEPTH 
71 ft. 

cMi iiteovfiim««.%i IcMf Mxn I (L. To» or cMiM 
18 895.99' 

ItMOlf NAMMtO WdOHT/rALI. 
140 #130 

c««M LCrr Hi NOLU 
2"/iS(73' 

OIA./LINSTH 

•HOUND (L. 

893.35' 
OCPTM/CL. ONOUNO WATCH OCPTH/CL. TOP OP HOCK 

70/823.60 
LOaSID BY I 

p. Huldobrc 

OCSCHIPTION AND CLABSIPICATION 

0-1.75'. Top Soli, brown sAhdy cljy 
with roots and grass. 
1.75'-5'. Well compacted black bitu-
ninous material. Gravelly sand all 
coated with black material. Tar smell. 

YfllCY 
Coarse moderately sorted brown 
Mostly qtz and rock frags red sand. 

in color 1" layer of black sand (coated 

8'-11.5'. Vary uniform layer of fib
rous peat. Gray-black silty clay with 
gravel (4 cm). Strong tarry smell. 
'11.5'-13'. Gray medium-fine sand, 
most qtz with some gravel, weathered 
LS and x-line rocks. 

13'-16'. Very small silty clay gray 
on top and brown at bottom interlayered 
with coarse gravel. Till. 

16'-65'. Outwash. Nod. sorted sand and 
fine gravel. It is not possible to 
determine its color because the grains 
appear to be saturated with very smelly 
"oily" fluid that covers all particles 
with an irridescent sheen. Mineralogy 
and petrology are tentative at best, 
mostly qtz and rock fragments. Gravel 
components are LS, red SS and xtaline 
rocks of basaltic nature as well as 
perthitic Igneous rocks. Subporphy-
ritic mafic rocks are also present. 
Phaneritic rocks of granitic composi
tion with subhedral fabric. Gravel 
component decreases with depth and the 
sediment becomes better sorted in the 

dium to coarse sand range, which is 
about 90Z qtz with little feldspars 
and rock fragments. Silt and clay 
content of this outwash is less than 
10*. 
48'-50' into the outwash consists of 
poorly sorted very fine to coarse sand; 
with <5X gravel and traces of silt and 
clay. Sand is reddish brown in color, 
and consists mostly of qtz with a 
larger component of red and black rock 
fragments and some red SS chips. Rock 
fragments are very angular and in gen
eral with a high sphericity value. 

NOTfl DNI 
WATBH UfVltB, 
WATtH HtTuHN, 
CNAHACTCH or 
DHILLINO, ETC 

IS • SPLIT iPOONi STIINELBT TUBE 
DiQENNISON' PiPITCMEHi 0«OTMCH 

'OHM lOOSA 
Louisiana Ave. Near W23 

Using existing 
pit to dispose 
of cuttings 
and mud. Sam-
ples recovered 
from tarry lay
er ate impossi
ble to extrude 
from liners; 
they have to 
be scraped off 
Washing from 
smelly zones 
come out with 
an irridescent 
oily film on 
top. HNU 
reading is 75 
ppm. 
Casing does not 
advance beyond 
27; 
goes through. 
When pulled out 
drill pipe is 
chewed up, bit 
brings up a 
large chunk of 
jasper. 
Cuttings from 
RB from 30'-
55' consist of 
sand and broken 
gravel. Sand 
is fine and 
gravel is about 
I cm. 
It is possible 
that this mate 
rial is not 
held properly 
by the core 
catcher, or 
interfering 
with the ball 
valve on top, 
thus the sam
ples are flushe. 
out. 
Left the site 
@ 16:30 after 
hitting bedrock 
Keavy snow and 
hall/sleet. 

MOLE NO. 
PB140 



BORINO LOO PftOJtCT 
Rellly Tar 

JOB NO. 
11-619-078 

SHEeT NO 
2 Of2 

HOLE NO. 
PBIAO 

^8 

U h V 
PCMCrBATlON 

8L0WB 

BLtWiON 

-- 8 

OeSCRIPTION «N0 CLRSSIRICATIOH 

NOTtS ON-
WNTfN LCVCLS, 
WATCN NCTUNM. 
CHAKACTCN Of 
ORILLINC, ETC 

38 

33 

38 

33 

83 

J' 0.5 65 

2' 122 

2* 10" 54 

2' 10" 122 

.5' 0.5' 192 

18 29 18 18 

34 43 41 38 

21 22 W 15 

24 31 59 32 

50 40 152 

-•3-

15 

58'-60'. Outwaah zone with mineralogy 
and petrology similar to overlying zone 
Well sorted medium sand 90Z qtz lOX 
feldspars and fragments or mafic rx 
and red SS. Traces of S/C. No gravel. 

63'-65'. Outwaah is poorly sorted very 
fine to coarse brown sand with about 
3X gravel. 

16 

17 

823. 35 

822.35 
. 70-

65'-70'. Red/brown till in contact 
with bedrock. This unit is composed 
of 70X very fine sand, 25X silt and 
clay and 5X medium gravel. Fine 
portion is mostly qtz while pebbles are 
of mafic rock, and LS, angular to 
rounded. Unstratified. 

\Bedrock - Bottom of hole. 

14 

16 

*Sample tor 
physical measu
rements only 

(CIRLIT BfOORi ST.tHttBT TUBE 
0>08NNISON' PiflTCMIRi O'OTMER 

SITE 
Louisiana Ave. Near W23 r?o 

fORM lOOIi 



OBSERVATION WELL CONSTRUCTION SUMMARY 
HKUCCT "'"y 
SITE Louisiana Ave, next to W23 

WELL NO. 
PBI40 

OOOROINATeS • -

DATE COMPLETEO 

SUPERVISED BY . 

11/10/82 
AQUIFER 

Glacial Drift 

P. Huldobro 

OROUND 
ELEVATION 893.35' 

Elevation of reference point 

Height of reference point, above 
ground surface 

895.99' 

2.64 

1.0' 
Depth of surface seal 

Type of surface seal: 
concrete 

I.D. of surface casing , 
Type of surface casing: ateel 7 long 

4" 

jDepth of surface casing 

I.D. of r i ser p i pe , . . , 
Type of riser pipe: galvanized ateel 

^ [Diameter of borehole 

1:1 cement bentonlte 

4.46' 

4" 

{Type of filler; 

Elevation / depth of top of seal 
Type of seal: 6/1 cement l?ePtgnlte 

Type of gravel pack No. 20 silica sand 
Elev./depth of top of gravel pack 

Elevation /depth of top of screen 
Description of screen No. 10 slot 
welded galvanized ateel 

831.35'/62.0' 

830.35'/63.0' 

827.65'/65.7' 

I.D. of screen sect Ion 

Elevation / depth of bottom of screen 

Elev./depth of bottom of gravel pack 
Elev./depth of bottom of plugged 
blank section 

Type of f II ler below 
section bentonlte p 

^Elevation of bottom of borehole 

824.65'/68.7' 

823.35'/70.0' 

822.35'/71.0' 

822.35'/71.0' 

roRM loot 

1 • GCA CORPORATION 
'A Technology Division 



Rellly Tar IJOB MX 
1-619-078 

ANSLC raoM Homz. 
90" 

HOLI SIZE 

4" 
OVEBBUNDCN Itl.l 

tNEET NO. 
1 or 2 

BtaRINO 

HOLE NO. 
BUI 

ROCN III.) 

DERTH/EL. OROUNO WATER 

TOTAL OEPTH 

65' 
OEPTH/EL. TOP OP ROCK 

LoaoED av< 
p. Huldobro 

DESCRIPTION AND CLA8SIPICATI0H 

O'-l'. Black Band and gravel. 

r-30' Is fill material that conprlaes 
the embanknent for the Hwy 7 overpass. 
No particular odor or visible contamin
ants are detected In this Interval. 
Fill Is poorly sorted material ranging 
from fine sand to fine gravel. Sand 
fraction consists mostly of qtz and 
ruck fragments at LS and mafic rx. 
Gravel Is cumnosed mostlv of well 
rounded pebbles of gabbro and red SS. 
Between 18' and 30' there are email 
blotches of yellow-brown oxidized 
zones. 

Irllllng on a 
2-lane hwy. 
One lane closed 
time limitation 
for drilling. 
No casing la 
used. ' Hoi low 
stem auger Is 
used Instead, 
with KB as 
appropriate. 
Sampler ahead 
of auger. 

30'-33'. Black sllty clay with Lgt 
fine sand. 

33'-35'. Uniform layer of brownish 
peat. rich in light-brown fibers. Odorl 

35'-43.5'. Organic rich, well com
pacted dark grey decomposed peat with 
abundance of fresh H,0 shell fragments. 
Layer Is odorless acid structureless.. 
Mostly silt with some clay. 

43.5'-48'. Grey till made up of 
about 90Z very fine sand and silt 
with clay and fine gravel. Strong 
creosote smell. 

NOTES ONI 
WATER LEVELS, 
WATER RETURN, 
CHARACTER OP 
DRILLINO, ETC 

Hwy. 7 West of Louisiana Ave. Ext. 
HOLE NO 

BUI 
ruNM lOOlA 



BORINO LOO Ki^lJly T.'jr 
JOB NO 

1-619-078 
SHCC-r NO 

20r 2 

NOLC NO 

BUI 

'i 

MS 

ss 

2' 

2* 

2* 

1.2*' 
.... J 

).«• 

(>] 

60 

6J 

PCNrTRATiON 
I BLOWS 

22 

16 

27 

15 

13 

13 

LA 

12 

lA 

12 

12 

12 

18 

lA 

10 

BLCVATION 

866' 

8A9* 

50-

95 

M 

•0 

65 

M 

m m 
m 
ii 
i 

10 

11 

DESCRIPTION AND CLASSIFICATION 

48'-65'.' Outwash moderately to poorly 
forced sands mixed with some gravel 
sand portion, consists of qtz, red SS, 
and mafic rock fragments. Feldspar 
concent is <SX, mostly orthoclose. 
Gravel grains measure up to about 3 cm. 
consist of well rounded pebbles of . 
mafic rocks and quartzlte. 

Bottom of hole 

NOTES ON. 
IPATtR LEVELS. 
WATER RETURN, 
CHARACTER OF 
DRILLING, ETC 

Forced to aban^ 
don site at 
15:30. Boring 
grouted to the 
top and cutt
ings discarded 
on site. 

11 

SS'SPLIT SPOON. ST.SHELBT TUOE 
O'OENNISON' PtPirCHER. OTOTMIR 

F~OR»r lOOSB 

llwy. 7 West of Loulslan^ Ave. Ext. 
HOLE NO. 

BUI 



m •ORINO LOO MOJCCT JOB Na SMtET NO. HOLE *tO. 

Rellly Tar 1-619-078 iOF 2 BU2 

llTf 
tfrtlkiT Ave. i l.diilHlanii Ave. Ext. 

COOMMNATIS ANOLC raOM HORIZ. 

90" 
BEARING 

•nuM 
11/11 

COMRLfTIO 
ii/ii/az 

ORIILIR 
BRAUN ENCR 

DRILL MARE AND MODEL 
CUE 75 

HOLE SIZE 
4" 

OVERBURDEN Ifl.l 
63.7 

ROCX l».) 
0 

TOTAL DEPTH 
63.7 ft. 

CORE R|CDVERVI(«.%) CORE BOXES SAMP EL. TOP OP CASING 

SAMPLE HAMMER WEIGHT/PALL CASING LEPT IN HOLl> DIA./LENGTH 
140 flI JO" 

GROUND EL. DEPTH/EL. GROUND WATER 
890.11 

DEPTH/EL. TOP OP ROCX 
63.7/ 826.41' 

LOGGED BTi 
P. Huldobro 

DESCRIPTION AND CLASSIPICATIQN 

SS" SPLIT SPOON' STiSHIUBT TUBE 
0«DtNNlS0N< P>PITCHER< OIOTHER 

fORM ioOSA 

NOTES 0N> 
WATER LEVELS, 
WATER RETURN, 
CHARACTER DP 
DRILLING, ETC 

0-0.5'. T<ip aoIX, orRHnlc, xrasB, riiotB 
0.5-2'. Brown fill sandy clay, flbroug 
fine gravel (1 cm). No odor or cont; '- "^^^Inal alte 

\lnanta present, Band amount increases. 
2'-5.5'. Brown peat, flbroua 3 3-4"* 
non-fibrous ? 4'-5,5'. 

5.5'-6.5' Medium to coarse sand. 
6.5'-10', Uniform layer of black 
organic sol I, mostly cloy with fine 
gravel up to 1 cm. No odor moist 
on top. 
10'-48'.Outwaah; 
13'-20'. Moderately sorted coarse sand 
with strong cresole smell contamination 
la not visible. 80* qtz, 5* LS, 15% 
mafic minerals and rock fragments. 

23'-45'. Onstratlfled outwash with 
very poorly sorted sand and fine gravel 
(2-10 mm) sand composition similar to 
13'-20' layer, gravel la about 50% 
quartzite f'sgments, 30% basalt chips 
and feldspnr phenocrysts with perth-
Itlc fabric; mixed with fragments of 
red sandstone, limestone, and mafic 
rocks. Fragments are very anugular of 
all shapes. -

Creosote smell Is still very evident 
In this layer through to the 45' 
marker. 

under 2' of H^O 
due to heavy 
aln. Moved 
location across 
the street. 
)rlll using 
hallow skin au
ger with RB as 
appropriate AW 
od. Auger Is 
3 1/4" l.D. 
Sample lib lost 
ue to characCei 

>f sediments, 
ahlch are 
•lashed out due 

grain size, 
lharacter of 
•lashings re
nal ns the name 
hrough about 
he 45' marker: 
predominantly 
Ine sands. 

3* 

Walker Ave, and Louisiana Ave. Ext, 
HOLE NO. 



•OKINO LOO Relliy Tar 9-078 
iMttT 
2 or 2 

HOLt NO 
BU2 

OESCniPTlON «N0 CLASSIFICATION 

48'-i5' • Uiistratlfled red glacial 
till. Strong creosote odor. No visible 
contamination. Highly compacted sllty 
clay, <5Z fine sand; gravel of mostly 
basalt and angular rock fragments. 

53'-'63'. Ouiwash. Brown sand (quartz, 
mafic rock iragments, red sandstone and 
LS. Gravel at bottom, LS and red 
sandstone. Creosote smell. 

Bedrock. Weathered limestone. 

Bottom of hole. 

Auger Jumps 
and Jerks 0 
63*. 
Truck lifted 
@ 63.7'. . 

H0TC9 ON. 

WATCff LCVCLS. 
WATCN NCTUNN. 

CHARACTER or 

ORILLINC, CTC 

12 

13 

U 

TNfR 
SITE 

Walker Ave. and Louisiana Ave. Ext. 
Hotr NO. 

BU2 

^ORM 10096 



» •' 

I ,! •OflINO LOO 
TTfT P111 ml nwamp H of Hy 7; 

161.' W uf W13 

PROJICT 

Rollly Tar 
JOB m 
1-619-078 

(MHT NO. 
1 OP 2 

MOLC NO. 
PBUIl 

coooBiNarit ANOLP PNOM HONII. 

90-
BCaNINS 

atauN 
11/17 

COMPLITID 
/I 9/82 

DNILLta 
Broun Engr 

DNILL MOal ONO MOOtL 
CME-75 

HOLE SIZE 
4" 

OVENBUNOEN 1(1.1 
51 

NOCK I(O 
8 

TOT«L DEPTH 
39' 

CONE aieOVtNT|(L%l]CONf BOKtB EL. TOP OP CNBINa f BNOUND EL. 
897.72' 895.02' 

EtHPLE HOMMEN WEIBHT/PALL 

I40g/3I 

CAilNO LEPT IN HOLE' OIA /LENOTH 

17, 

OCPTM/CL. GPOUNO WATCII OCPTH/CL. TOP Of ROCK 
^S55J '/844.02' 

LOCOED BYi 

DESCRIPTION AND CLASSIFICATION . 

0-13'. TopBoll. Black sandy ojuck, 
uxldlzed zones. LS and SS pebles. 
Strong smell of rubber. Few Isolated 
chunks of fibrous peat. 

13*-15'. Brown fibrous peat. Strong 
creosote and H2S smell. 

15'-2A*. Black peat. Very mature with 
shell fragments. Slightly fibrous. 
Strong creosote and H2S smell. 

2A*-26.5'. Brown sllty clay with 
black blotches. Strong odor. 

26.5'-5r. Outwash. Poorly sorted 
medium to coarse sand and fine to 
medium gravel. Isolated chunks of 
bituminous material. Mineralogy of 
sand is mostly quartz and rock frag
ments. Gravel is chiefly, limestone, 
mafic rocks, granitic rocks and agate 
(red). Strong odor of H2S and creosote 

IS'SPLIT SPOON' iTiSHSLDY TUBE 
B»0ENNIS0N ' P« PITCHER! 0*OTHER 

fOPM lOOSA 
Filled swamp S of Hy 7; 164 U of W13 

ROTES ON! 
WATER LEVELS. 
WATER RETURN. 
CHANACTER Of 
ORILLINQ. ETC 

@ 18* no wash
ings come out 
during casing 
driving. 
Probably due 
to dissolution 
of organic 
materials. 

*Sample for 
physical 
measurements 
only 

HOLE NO. 
PBI44 

4* 



••4 BORINO LOO pROjrcT 

Rellly Tar 
JOS NO 

1-619-078 

SHECT NO 

2 or 2 
MOLE NO 

PBIA4 

^ 1 u m 
I 

V 
PCNCTNATiON 

e(.owt 
CLCVATION DESCNIPTION AND CL ASSinCATiON 

NOTES 0N< 

WATER LEVELS. 
WATER RETURN. 

CHARACTER or 

DRilLiNO, ETC 

NO 

SS 

ss 

130 

89 

46 43 41 34 

844.02 

55 36 28 25 

177 238 636.02 

51*-59'. Limestone bedrock, weathered. 

Bottom of hole. 

SaAples lu»c 
here are prob
ably being 
washed oul or 
the // of blows 
is the result 
of compaction 
of weathered 
material by 
the sampler. 

81 •SPLIT 8P00N> STiSNELSV TUBE 

0*OCNN180N> Pt PITCHER I 0< OTHER 
SITE 

Filled swamp S of Hy 7; 164 W of W13 
HOLE NO. 

PB144 
roR« looss 



OBSERVATION WELL CONSTRUCTION SUMMARY 
PROJECT 
SITE Filled swamp; 

WELL NO. 
PBUA 

OOOROINATES 
DATE COMPLETED 

AQUIFER Glacial Dilft 

SUPERVISED BY P. Huidobro 

OROUNO 
ELEVATION 89S.02 

Top soli 

Fibrous peat 

Black peat 

Silty clay 

OuEwash sand 
and gravel 

Limestone 

Elevation of reference point 
897.72 

Height of reference point above 
ground surface 

r'f.ySES Depth of surface seal 

1 

2.70' 

Type of surface seal: concrete 

I.D. of surface casing 
Type of surface casing: black steel 

-41. 

-joepth of surface casing 

- I.D. of r I ser pipe 
Type of riser pipe: galvanized. 
coupled 10.5' section 

A.3' 

2" 

- Diameter of borehole 

I , 1:1 cement/bcntonlte 
-^Type of filler: 

- Elevation / depth of top of seal 
Type of seal: o?! CgmeUt bentOaltfi 

Type of gravel 20 silica sand 
Elev./depth of lop of gravel pack 

Elevation / depth of top of screen 
Description of screen 

A" 

853.72/A1.3' 

852.72/A2.3' 

850.72/AA.3' 

No. 10 slot galvanized, welded steel 

I.D. of screen section 

Elevation / depth of bottom of screen 

Elev./depth of bottom of gravel pack 
- Elev./depth of bottom of plugged 

blank section 

-Type of filler below plugged 
section bentonlte 

-lEIovation of bottom of borehole 

.21. 
8A7.72/A7.3' 

8A3.02/52' 

8A1.02/5A' 

836.02/59' 

FORM 1002 GCA 
GCA CORPORATION 
Technology Division 



if/9Z 

ELEVATIONS OF MONITORING WELLS AND BORINGS INSTALLED BY 

OCA Corp./Technology Division, Oct-Nov. 1982. 

(Drilling Subcontractor; Braun Engineering Testing, Inc.) 

Boring and/or 
Well if 

Surface 
Elev. 

Measuring Point 
Elev. (Well) 

Stick 
Up 

Benchmark 
Used 

PB136 908.88 910.53 1.65 (D* 

PB137 
,1 

909.14 910.90 1.76 (D* 

PB138 907.46 909.27 1.81 (2)* 

PB139 893.67 896.45 2.78 (3)* 

PB140 893.35 895.99 2.64 (4)** 

B141 914.00 N/A*** N/A . (5)* 

B142 890.11 N/A*** N/A (5)* 

PB144 895.02 897.72, 2.70 (6)** 

* St. Louis Park Benchmarks used: conversion factor = 710.30: 

* 

* 

* 

(1) 

(2) 

(3) 

** (4) 
* (5) 

* (6) 

Top of fire hydrant in SE corner of 36th Street and Burlington Northern 
RR spur; St. Louis Park Datum = 206.39. 
Top of fire hydrant in NE corner of Xylon Ave. and 34th St.; St. Louis 
Park Datum = 204.20. 
Top of fire hydrant in SW corner of Quebec Ave. and 34th St.; St. Louis 
Park Datum = 219.66. , 
Measuring Point on Well #W-2^ = 910.49. 
Top of fire hydrant in SE corner of Louisiana Ave. and Walker St.; St. 
Louis Park Datum = 185.35. 
Measuring Point on Well #W-137 = 893.05 

Survey conducted by David D. Vieau and Gregory L, Grabow of Braun Engineering 
Testing, Inc. on 3 December 1982 and 22 March 1983 ( to remeasure wells 
PB140 and PB144 at request of Marc Hult, USGS). 

Instruments used: Path Instruments Micro Level L-11, No, 6170011; adjustable 
tri-pod; adjustable rod marked off in 0.01-foot increments. 

** Benchmark Locations and Elevations provided by M. Greg Juston, USGS, 
22 March 1983. 

*** Boring only - no well installed. 



, MONSANTO RESEARCH CORPORATION 
kocATKM : B. M. Hughes, Dayton Laboratory 

, 29 October 1982 

.uajcer s Reilly Tar and Chemical Corp. Project 

•crcRCMCS 

TO I Gary Wilson 
ERT 
696 Virginia Road 
Concord, Mass 01742 

Inter, ondenee 

Bill Roder 
Files (MRC-Hughes) 

NOV 0 1 1982 

Enclosed are PNA screening chromatograms for RTCC extraction numbers 
133-141 and volatile wide-scan screening chromatograms for the CH2M 
Hill samples. Also enclosed are copies of MRC analytical request 
sheets associated with the Well 23 tar analysis and a summary table 
of all water samples received before September 20. At a later time, 
I will send copies of analytical request sheets for water samples 
received since September 20. 

B. M. Hughes 

BMH/cvd 

Enc. 

10fi.-J90 
RC-IO 



FRN 

16133 

10-
500 

16134 

10-
500 

16135 

10-
500 

Co 

16136 

10-
500 

JL 

.13 

TIWEip 

I ( U I ji , 
I—1—I—I—I—I—I—I—I—I—r 

1.00 

CH8CL8 (BLANK) 

—Jl_ji 
CHaCL8 (BLANK) 

PNA NARKERS (lUQ^^NL) 

JL JL 

BnH-098788-«l 

I I I ^ I I I r 
11181314^^16171819808188838486868788893031383334363637 

PNA Screen - QA/QC 



WV 

Volatile Wide Scan Screen - Cost Element A-3 

ERT Task: 120 



* 

CO 

15880 

16878 

35-
350 

ORQANZC-FREE UATER BU0MC 

11 B I I M I I I 11 I I 11 I I I 11 i I I I I I IiIiI III ItI 11 ItI 
3346678a0t834a8I88a8B3«SS88aaaa3BBa3a««8aa45 TIME 

Volatile ufde Scan Screen - Cost Element A-3 

ERT Task: 120 



^ V 

• % 

FRNt 

15866 

35-
350 

15870 

35-
350 

35-
350 

15878 

35-
350 

35-
350 

• 85 

CU 015 AT UELL HEAD 

1*00 

X 

CU 015 AT UELL HEAD 
(DUP) 

CU 016 AFTER AERATION 

CU 015 AFTER AERATION 
(DUP) 

idUmliiiV < M 

ORQANXC-FREE UATER 

4-. 

•AM M|«i 

I I I I I I I 111 11 I I M i i I M I I L> I I I I I I I I I I I I I I I I 11 i 11 I I I i 11 I i| 
334667880i8348d7E85eaa<ea«aaa8aa«9a3a»5Maa4tt«iia8 sasosc TIME 

Volatile Wide Scan Screen - Cost Element A-3 

ERT Task: 210 



I 

FRNt X .85 V • 1.55 

isaea 
35-
ase 

CU 515 AFTER CHLORXNATXON 

1 —^ 
15871 

35-

CU 515 AFTER CHLORXNATXON 
(DUP) 

355 

158^ 
CU 516 AFTER FXLTRATXON 

35-
355 

15873 

^/35-
^\^355 

. .. J 35-
355 

15873 

^/35-
^\^355 

CU 516 AFTER FXLTRATXON 

X 

16865 

35-
355 

ORQANXC-FREE UATER 

TXnE 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 M 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
B346678i5ia3466iaa«eea5Ba88aa8a35Be3a«56aa4a5iiaiMi5ss6s 

W V 

CO 

Cy1 
Volatile Wide Scan Screen - Cost Element A-3 

ERT Task: 210 
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MONSANTO RESEARCH CORPORATION 

liP/z^/S'Z 

M 

Inter •Office Correepondence 

LOCATIOM 

OATt 

MCrCRCNCC 

TO 

B. M. Hughes, Dayton Laboratory 

22 October 1982 

Reilly Tar and Chemical Corp. Project 

ee I John Craun (ERT) 
Bill Roder (RTCC) 
Files (MRC-Hughes) 

Gary Wilson 
ERT 
696 Virginia Road 
Concord, Mass 01742 

,) f/ez 

13 4 70 

OCT 2 y 1982 

ERX 

-i-

Enclosed arePNA and wide-scan screening chromatograms for 
RTCC extraction numbers 106-129. In addition, I have en
closed a summary of documents which are contained in MRCs 
Reilly Tar and Chemical Corp. files. I will be sending 
you other deliverables as they become available, along with 
a set of MRC analytical request sheets for this project. 

W 15 — • 
' iLiyik^ 

PPftT^tW). 

BMH/cvd 

Encs. 

B. M. Hughes 



/^\J2-e 

I. SUMARY or RBIUY TAR A CHEMICAL "ROUTINE" EITRACTIONS AMD ANALYSES 

/4 

SAMPLE IDENTIPICATION 

' 1,/ 4 

RTCC 
EXTRACTION 
NUMBER 

COST ELEMEMT*/BILLINC MONTN** • i 

A-l" A-2 ^ ^ B-3, B-V 
Extraction PMA Screen Wide Scan Coal Tar PNA VOA Detailed 

Screen Quant. Quant. Screen MS Interpret 

CH #15 (After chlorlnatlon) 106 1 (Sent) KSent) l(Sei}t)l(Sept) KSent) 

CW #15 (After chlorlnatlon and filtration) 107 1 1 1 1 1 

CW #15 (At well head) 108 1 1 1 1 1 

Method Blank 109 H.C. N.C. N.C. N.C. N.C. 

CW #15 (At well head) 110 1 1 1 1 1 

CW #15 (After well head and aeration) 111 1 1 1 1 1 

CW #15 (After chlorlnatlon) 112 1 1 1 1 1 

CH #15(After chlorlnatlon and filtration) 113 1 1 1 1 1 

CW #15 (After well head and aeration) 114 N.C. N.C. N.C. N.C. N.C. 

CH #4 115 1 1 1 1 

CW #7 116 1 1 1 1 1 

MW #70 117 1 1 1 1 1 

HW #13 * 118 1 1 1 1 1 

CW #9 119 1 1 1 1 1 
* 

•u**' 

s^' 
Cw 

Nunber of coat elenent Indlcatea the nuaber of sanples or fractlono being billed in each category. N.C. indicatea no charge for thia unit 
(A certain number of Quality Control Samplea are indicated). 

Billing nonth indicatea the actual nonth in which chargea for the fraction/coat unit are nada. 

Key for coat unit chargea (refer to 22 September 1982 letter and eatlmatea to John Craun for full explanationa). 
A-1 - $210/ai let A-2 - $lS9/aamplet A-3 - $lS9/aaiiiple; B-1 - $200/8anple; B-2 - $200/81 le| B-3, B-A - $600/81 le. 



1. SIMMABY OF RBIIXY TAR A CHEHICAL "ROUTINE" EXTRACTIONS AND ANALYSES 

RTCC 
SAMPLE IDENTIFICATION COST ELEHENT*/RILLIIMi HONTH*' 

NUMBER 
• A-l® 

Extraction 
A-2 
FNA Screen 

A-3 
Wide Scan 

B-I B-2 
Coal Tar FNA 

A-3 B-3. B-4 
VGA Detailed 

Screen Quant. Quant. Screen MS Interpret 

Method Blank 120 N.C. N.C. N.C. N.C. N.C. 

CW #5 121 1 1 1 1 1 

Hopkins Hell #3 122 1 1 1 1 1 

Deionized Hater Spiked with Coal Tar 123 1 1 1 1 

Hell #23 9/14/82 15:00 124 1 1 1 1 1 

Hell #23 9/17/82 16:30 125 1 1 1 1 1 

Hell #23 9/17/82 16:30 126 1 1 1 1 1 

Method Blank 127 N.C N.C N.C N.C N.C 

Hell #23 7/29/82 861' 128 1 1 1 1 1 

Hell #23 8/7/82 804.5' 129 1 1 1 1 1 

C-0 

C0 
• Nuaber of cost oIcMiit tndicotca the ninber of saaples or fractlona being billed in each category. N.C. indicatea no charge for thia unit 
' (A certain nunber of Quality Control Sanplea are indicated). 

^ Rilling Bonth indicatea the actual aonth in which chargea for the fraction/coat unit are aade. 

' Key for coat unit chargea (refer to 22 Sept er 1982 letter and eatinatea to John Craun for full explanationa). 
A-1 - $2I0/aanple; A-2 - $159/Baaple; A-3 - $lS9/aainple; R-1 - $200/8aaple; R-2 - $200/aaaqple{ R-3, B-A - $60_Q/a la. 



CO p 

CHaCL8 (BL^^NK) 

10-
500 

15961 

10-
500 

CHaCLB (BLANK) 
JUUU 

15958 

10-
500 

CH8CL8 (BLANK) 

—'—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—T" 
TZME^P 1L 1813141516171819 80818& 83 84 8586 87 8889 30 3138 33 34 35 36 37 

PNA Screen - QA/QC 



CD 
O 

FRMJ 

15965 

10-
500 

15966 

10-
500 

15963 

10-
500 

.13 

ILuJJ 

\*H < 

1.00 

BnH-09878S-08 

BI1H-e98788-ei 

^U*i 

PNA MARKERS (i«eUQ/nL) 

I JL 

PNA MARKERS (0*1 UO/ML) 

JL 
nr-l—I -T -r T T T T T T T -I" 

TZMEl >11 1613141616171819808188^38485868788893031383334353637 

PNA Screen - QA/QC 



r 
i 
i 

FRM: 

15930 

10-
500 

15959 

10-
500 

15958 

10-
500 

.06 1.00 

RTCC-111 T 

Ui JL A JkiJL 

RTCC-110 

^ LI ifc M wJL^nUUL^a 1 I ll iJliiJUbiiXLMJUi 

J • Im 

RTCC-109 

JUL JU L i 
I I I I I I I I I i I I I I I I I I I I I i I I I I I I I I i 

TIME 1B345678 91011151314^51617181950518553848556578839303135 

Wide Scan Screen - Cost Element A-3 

ERT Task: 210 



cn 
C" 

TRN: X - *06 1.00 

15934 

10-
500 

15933 

10-
500 

15938 

10-
500 

TIME 

P RTCC-114 

It II lili •!! I Ji 

RTCC-113 

JdiiU.* lull ill itii JUL 

RTCC-118 

JUjiMli. uki X 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I r 
18345678 91011181314151617181880818883848586878889303138 

Wide Scan Screen - Cost Element A-3 

ERT Task: 210 



I 

FRru 

1S936 

10-
500 

i15935 

10-
500 

15931 

10-
500 

g 
CD 
CO 

15927 

10-
500 

.06 

PNR npRKER 
<1.0 UQ/ML COMPONENT) 

1.00 

CH2CL8 (BLPNK) 

SPXKZNQ STD 02 109-114 

*•- • 1 

SPX^INCI STD 01 109-114 

TIME 
I I I I I I I 1 I I I I I I I I I I —i—r 
12345678 9101112131415161718l92eei2223242526272a29303132 

Wide Scan Screen - QA/QC 



FRN 

15918 

10-
508 

15917 

10-
500 

16916 

10-
600 

TIME 

.06 1.00 

P 
RTCC-108 'J) 

r 

lifNpiIbi ilfci ill ii Ikiiia 

RTCC-107 

dtoUUh 

RTCC-106 

UJl UMI X 
I I I I—I I I I I I I I I' I I I I—I—I I I I I I r r I I I I I I 
18346678 910111813141516l71819B0eiBae3a4S6B6a7aW830313a 

Wide Scan Screen - Cost Element A-3 

rnT x«-l, . oin 



W J 

CA 

rpfi: 

15985 

10-
500 

15984 

10-
500 

15983 

10-
500 

.13 1.00 

JL ka 

RTCC-117 

h I, I 

RTCC-116 

i 

RTCC-li5 
4 

• I I. <———JW — 1—I—I—I—I—I—I—I—I—I—I—I—ir-r -T—i—I -r -f T-r rT -r-n^TT X 
TIME 5111813141516171819808183838485868788893031383334353637 

PNA Screen - Cost Element A-2 

ERT Task: 120 



T. 

a 
0^ 

rpru 

15989 

10-
500 

15988 

10-
500 

15987 

10-
500 

TIME 

X - .13 V 

5 
RTCC-iai 

1.1 . iL ..J.! y|.JL4 

RTCC-ia0 

I » h JL 

RTCC-tl9 SU( 

SL KJ, L 

1.00 

•*— 1.1. J 

\k .1 I I 
I I I I I ' I " r r ^ 

JL 

I I I i I I I i I 3101112131^516 171819 a^ a 1 aa 83 84 as 86 a? 28 89 303132 3334 35 36 37 

PNA Screen - Cost Element A-2 

ERT Task: 120 



a 

FRM* 

15994 

10-
500 

15991 

10-
500 

15990 

10-
500 

TIMEl 

.13 

RTCC-124 (V^ 

JL 

RTcc-iaa 

ji -rtu.<i-x,—>1 ..<..jy[ 

RTCC-188 

JUA. 

XJL 

1.00 

Ix. 

1—I 1 1—I—I—I—I—I—I—I 1—I—I 1—I—I—I—I I I I I ' 1 I I I 
»:.l 181314151617181980 810883 84 8586 8788 89 303138 3334 35 36 37 

PNA Screen - Cost Element A-2 

ERT Task: 120,220 



c> 
QD 

FPru 

1599a 

10-
500 

15986 

10-
500 

15988 

10-
500 

.13 V -

SPIKING STD. FOR 

COAL TAR SPIKE 

U 

SPIKING STD. ta 115-183 

lAi 

SPIKING SID. tl 115-183 

1.00 

JL 

TIMEl »iT 18131^51617181820 818^83 84 85 86 8788 8930 313833 34 35 36 37 
T—I—r T r r" r-i h "'r^i-r^r 1—r 

PNA Screen - QA/QC 



C 
C5 . 

FPM» 

15996 

10-
500 

15995 

10-
500 

15993 

10-
500 

Pm MARKQRS 
C1^0 UGxnU) 

PNR riRRKERS 

(0.1 UQ/nL) 

CKaCL8 BLANK 

'• I—I—I—I—I—8—I—I—I—I—I—I—ii i I "T-1—I—I—1—1— r—I—1—T—r 
TlWgy^t Ig 1314i5£61718198081828384as8687as893031383334353637 

PNA Screen - QA/QC 



/ 

FRNI 

16037 

10-
500 

16036 

10-
500 

16035 

10-
500 

16038 

10-
500 

16031 

10-
500 

• 06 1*00. 

RTCc-iag^^'^ . 

RTCC-188 

2^ 

J I, I I L 
. 2^.'' 

/ 

dJ 
RTCC-ia? 

^ -

jUi •JUAi 

1 
RTCC-186 
(dil 1110) vi'" 

.11^ t. I 

RTCC-185 

4^ 

O 

I I I I I I I IIT 

JUL 

? V 'i 1*^ 
TZnE 18345678 91011181314151617181980818683848586878889303138 

Wide Scan Screen - Cost Element A-3 

ERT Task: 220 



FRNI 

leoai 

le-
500 

16086 

10-
500 

16080 

TIME 

RTCC-186 
Cdil ItlO) 

I ll .JUII I 

RTCC-1S6 
(dll itl00> 

RTCC-185 
(dil 1110) 

0 :l 11813141516171819 8081^883848 
I I I I f 'I 

»868788893031383334353S37 

PNA Screen - Cost Element A-2 

ERT Task: 220 



FRNt 

16030 

10-
500 

leo^s 

10-
500 

16045 

10-
500 

16044 

10-
500 

16043 

10-
500 

TIME 

.06 1.00 

RTCC-184 

RTcc-tea 
tAA 

--01 *6 I iiiijil 

RTCC-iaa (p 

' • 

i/w> 

RTCC-lBl 

J. 

RTCC-180 IM* %•> 
\ 

tUm 

I I 11 I I ;'i I I i' I I'I i^i'l I r I' r I'i'i'I I I i"i i i i 
1B3<I6678 81WU8131-ll^l6i71818a<ai8ae33«S6a788aa3e313a 

Wide Scan Screen - Cost Element A-3 

ERT Task: 120,220 



FRNt 

16041 

10-
500 

16033 

10-
500 

16040 

10-
500 

16039 

10-
500 

16038 

10-
500 

TIME 

.06 1.00 

RTCC-119 

RTCC-118 
(dil ItieOO) 

JL mt it 
I 

L 

I 
• . il. „Jk I 

'n 

ll 
7 
A 

RTCC-116 
-1 

U 
irrcc-115 

it l>i I ll. 

J 

1 

! 
I !: • 

/ 

'i ^ 
n' I • 

r 
I I I I I I I I I I I I I I L.i V-rV-1 I I I I i IT I I \—v^ 
18345678 910111813141^617181880612663348586378889303133 

CJ 
Wide Scan Screen - Cost Element A-3 

ERT Task: 120 



PNA Screen - QA/QC 



C>7 

FRNI X « *13 V • 8*00 

16018 
SPZKZNQ STO 184-187 

10-
500 

16017 

8PZKZNQ STO 08 130-138 

10-
500 K 

16013 SPZKZNQ STO* 01 130-138 

10-
500 L 

TZME oil18131415161718198081^883848586a?888930313833343536 3? 

PNA Screen - QA/QC 



h-FRNI 

16048 

IO
SCO 

16047 

10-
500 

16048 

10-
500 

16034 

10-
500 

• 06 1.00 

BnH-098788-03 

i 11 .JL 
MM MUM 

pm mmcERS a.e ug/'mi) 

1 

(BLANK) 

CH_CL_ (BLANK) B B 

JLJL JmmL 

JL 

TIME 
I I I I I i I I I I I I I I I I I I I I I I I I I I I 
18345678 9101118131<41516171819Beei8a8334858e878ae930313a 

a 
Wide Scan Screen - QA/QC 



FRNt 

16019 

10-
500 

16036 

10-
500 

<•1* ifci 

160S7 

10-
500 * *•" Tine 

1-^ 

.13 

RTCC-ia4 

JA. 

RTCC-118 
(dil ItlOOO) 

dJIl&Ak 

TI 

RTCC-llS 
(dil 1110,000) 

f-T I "'I 1 k 

JkjL 

1.00 

JCJb 

r I f ^ I I I I y I I I I I I 
ao 1113131415161718193031*33333485363788383031333334353637 

PNA Screen - Cost Element A-2 

ERT Task: 120,220 



FRNI .13 i.ee 

CB 

16068 

10-
500 

16067 

10-
500 

16066 

10-
500 

TIME 

JL 
R?^5C-189 

RTCC-Ias 

lOU iJ 

RTCC-ia? 

Mki 

1—I—I—I—I—I—I—I—1—I—r 

L. u 

X JUL 

1—I—I—I—I—r 1—I—I—I—I—r 1- TT 
011181314151617181980 Sf 88 8384 85 86 8788 89 30 3138 3334 3536 37 

PNA Screen - Cost Element A-2 

ERT Task: 220 



W «' 

PNA Screen - QA/QC 



r: o 

FRNJ 

15957 

10-
500 

15953 

10-
500 

15947 

10-
500 

.13 

SPIKING STD. 08 109-114 

SPIKING STD. 01 109-114 

SPIKING STD. 100-108 

TinE^P^' IS 13141516171819808188^848586 87 8889 30 3138 33 34 35 36 37 

1.00 

i 

JL 

I I 1 I I I 

PNA Screen - QA/QC 



W ' 

e: 
PNA Screen - Cost Element A-2 

ERT Task: 210 



F'RNt 

15955 

10-
500 

15959 

10-
500 

15954 

10-
500 

20 

Jil • • la I 11 

laUJUH 

.13 1.00 

RTCC-111 

RTCC-i09 

i 
TIME 

1—I—I—I—r i—I—I I I—r-i—i—r 
1 

g'l i t I*"! I I I I 
111813141516171819808188^38485868788893031383334353637 

T--

PNA Screen - Cost Element A-2 

ERT Task: 210 



FRri: 

15951 

10-
500 

15949 

10-
500 

15960 

10-
500 

.13 a.00 

JOL-iJUlJL^^ 

RTCC-108 

RTCC-107 

CO 

RTCc-iee 

P_ F I I " I i I I I i^T^T'T* 
TIMEy r.813141516171819 S0 ai 88183 8485 86 8788 89 303138 3334 35 3637 

PNA Screen - Cost Element A-2 

ERT Task: 210 



HUdHES/P-l ^ A-' -

TABLE 6. RESULTS OF SIH ANALYSES FOR PNAs FOR CH2H HILL HATER SAMPLES 

SLf H 

I 
lb 
lb •—, 
in 

• ̂  

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Method 
Blank 
RTCC-120 

Moni^of 
iiell #9 
RTCC-119 

Monitor 
Hell #70 
RTCC-117 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass Concentration (na/L) 

Naphthalene 1 1.3 11.42 128 38 90 34 

Methyl naphthalene (#1) 2 2.1 13.60 141 11 17 11 

•' (#2) 3 2.1 13.90 II 5.4 3.3 5.4 

Biphenyl 4 6.1 15.13 152 8.9 7.3 94 

Me2-naphthalene (#1) 5 141 

(#2) 6 3.4 15.43 II 4.6 6.9 59 

(#3) 7 3.4 15.82 II 10 15 19 

(#4) a 3.4 16.17 II 8.2 5.3 4.3 

(#5) 9 3.4 16.43 II 8.4 3.7 7.9 

(#6) 10 3.4 16.93 11 4.0 4.1 9.0 

(#7) 11 ' 3.4 II 

Acenaphthalene 12 1.1 /16.32 152 1.0 2.6 130 



IIUGHES/F-2 

TABLE 6 (continued) 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Method 
Blank 
RTCC-120 

Honifor 
>kQl #9 
RTCC-119 

Monitor 
Well «70 
RTCC-117 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass :oncentrat Lon (nq/L) 

Dihydroacenaphthene 13 4.7 16.90 152 4.8 13 660 

Dibenzofuran 14 1.4 17.42 168 7.0 8.8 21 

Fluorene 15 2.2 18.48 166 3.7 9.1 380 

Me-dihydronaphthene (#1) 16 2.7 18.78 168 ND" 3.6 66 

(#2) 17 2.7 18.88 II ND 4.2 47 

He-dibenzofuran (#1) 18 2.2 19.07 182 1.0 1.7 45 

(#2) 19 2.2 19.27 II 1.5 2.3 79 

Phenanthrene 20 1.7 21.35 178 24 35 13 

Anthracene 22 1.7 21.48 11 ND 4.3 6.7 

He-phenanthrene (#1) 23 2.6 22.90 192 0.51 1.7 52 

(#2) 24 2.6 22.98 II ND ND ND 

(#3) 25 2.6 23.23 II 0.71 0.91 36 

(#4) 26 > 2.6 23.30 II ND ND ND 



HUGHES/F-3 

TABLE 6 (continued) SLf H V.V 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Method 
Blank 
RTCC-120 

Moni^t^ 
#9 

RTCC-119 

Monitor 
Hell 470 
RTCC-117 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass Concentrat don (ng/L) 

Me-phenanthrene (45) 27 2.6 23.30 192 ND ND ND 

Phenyl naphthalene 28 2.5 23.90 204 1.3 2.0 21 

MW = 188 29 23.18 188 ND ND 1.2 

Fluoranthene 31 2.0 25.02 202 4.7 16 24 

Pyrene 32 2.0 25.65 II 4.4 15 180 

Benzo(a)anthracene 33 5.3 29.38 228 ND 1.7 10 

Chrysene 34 5.3 29.52 II 1.6 ND ND 

MW = 252 (#1) 36 6.8 32.50 252 ND 4.8 ND 

(#2) 37 6.8 32.80 II ND ND ND 

(#3) 38 6.8 33.20 II ND 0.6 ND 

Benzo(a)pyrene 39 6.8 33.30 II ND ND ND 

HW = 252 (»4)-perylene 40 6.8 33.60 II ND ND ND 

HH = 228 («l)-Benzo(c)-
phenanthrene 41 5.3 28.8 228 ND ND 3.7 

en 



• HUGHES/F-4 

TABLE 6 (continued) 
• M 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Hass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Hass 

Nethod 
Blank 
RTCC-120 

Monitpi^ 
Viail^9 
RTCC-119 

Monitor 
Well #70 
RTCC-117 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Hass ConcentratlLon (ng/L) 

MW = 228 («2) 42 5.3 29.73 228 ND ND ND 

HH = 202 43 4.1 25.32 202 ND ND 2.7 

HW = 276 (#1) 44 10 35.90 276 ND ND ND 

Indeno(1,2,3,cd)pyrene 45 10 36.21 11 ND ND ND 

Benzo(g,h,i)perylene 46 10 36.82 M ND ND ND 

HH = 276 («2) 47 10 37.20 II ND ND ND 

Dibe;nzothiophene 62 1.7 20.97 184 2.3 2.6 45 

C/} 



HUGHES/F-5 

TABLE 6 (continued) 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Method 
Blank 
RTCC-120 

Monit9J>' 
iierr#9 
RTCC-119 

Monitor 
Well «70 
RTCC-117 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass Concentrat :ion (ng/L) 1 

Anthracene-dio (IS) 21 1.7 21.43 188 25 25 25 

Surrogate Spiking Compound 

Amount 
added 
(ng/L) Recovc ry (%) 

Naphthalene-dg 63 100 11.42 136 42 55 42 

Chrysene-di2 35 100 29.42 240 58 53 59 

CO 

f « 

X •* 

®L.O.D. = limit of detection in ng/L. 4* 

**ND = none detected with a detection limit given by the L.O.D. value for each feature. 



HUGHES/G-1 

TABLE 7. RESULTS OF SIH ANALYSES FOR PNAs CH2H HILL HATER SAMPLES 

-y- s-Le 5 SLf 7 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Hopkins 
Well #3 
RTCC-122 

City 
Hell «4 
RTCC-115 

Monitor 
Hell #5 
RTCC-121 

City 
Hell #7 
RTCC-116 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass Concentration (ng/L) 

Naphthalene 1 1.3 11.42 128 35 30 31 27 

Methyl naphthalene (#1) 2 2.1 13.60 141 9.9 9.8 8.9 9.3 

(#2) 3 2.1 13.90 II 4.7 14 5.4 2.0 

Biphenyl 4 6.1 15.13 152 9.0 13 5.5 12 

Me2-naphthalene (#1) 5 141 

(#2) 6 3.4 15.43 II 5.6 8.5 6.0 9.2 

(#3) 7 3.4 15.82 II 10 9.3 6.0 7.8 

(#4) 8 3.4 16.17 II 3.9 9.5 6.9 8.1 

(#5) 9 3.4 16.43 II 6.4 5.2 5.6 6.6 

(#6) 10 3.4 16.93 II ND*' ND 4.0 ND 

(#7) 11 ^ 3.4 II 

Acenaphthalene 12 1.1 i6.32 152 1.8 4.6 12 11 

I 
lb 
lb 

tfl 



HUGHES/H-2 

TABLE 7 (continued) ste i- s-ce 5 ^ 7 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Hopkins 
Hell «3 
RTCC-122 

City 
Hell «4 
RTCC-115 

Monitor 
Hell «5 
RTCC-121 

City 
Hell «7 
RTCC-116 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass Concentrat ion (ng/L) 

Dihydroacenaphthene 13 4.7 16.90 152 5.6 94 ND 26 

Dibenzofuran 14 1.4 17.42 168 7.2 ND 1.2 9.5 

Fluorene 15 2.2 18.48 166 3.5 13 6.8 10 

He-dihydronaphthene (#1) 16 2.7 18.78 168 ND ND ND 4.3 

(#2) 17 2.7 18.88 II ND 6.9 ND 5.0 

He-dibenzofuran (#1) 18 2.2 19.07 182 1.3 3.1 9.0 1.9 

(#2) 19 2.2 19.27 11 1.6 2.3 ND 2.9 

Phenanthrene 20 1.7 21.35 178 9.3 29 6.8 11 

Anthracene 22 1.7 21.48 M 0.61 1.0 14 1.2 

He-phenanthrene (#1) 23 2.6 22.90 192 0.46 2.5 ND 2.9 

(#2) 24 2.6 22.98 II ND ND ND ND 

(#3) 25 2.6 23.23 II ND 2.9 2.0 2.5 

(#4) 26 , 2.6 23.30 II 1.8 ND ND ND 

O 
CO 

tn 
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HUGHES/H-3 

TABLE 7 (continued) S2,P -f SZf* 5 SIP 7 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Hopkins 
Well «3 
RTCC-122 

City 
Well «4 
RTCC-115 

Monitor 
Well »5 
RTCC-121 

City 
Well #7 
RTCC-116 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass Concentrat ion (ng/L) 

Me-phenanthrene (#5) 27 2.6 23.30 192 ND ND ND ND 

Phenyl naphthalene 28 2.5 23.90 204 0.89 1.1 ND 2.0 

HW = 188 29 23.18 188 ND ND ND ND 

Fluoranthene 31 2.0 25.02 202 5.4 7.1 1.5 3.6 

Pyrene 32 2.0 25.65 II 6.6 6.9 3.1 7.8 

Benzo(a)anthracene 33 5.3 29.38 228 ND 0.63 ND ND 

Chrysene 34 5.3 29.52 II 2.3 1.4 3.4 2.7 

MW = 252 (#1) 36 6.8 32.50 252 ND 2.1 ND ND 

(#2) 37 6.8 32.80 M ND ND ND ND 

(#3) 38 6.8 33.20 H ND ND ND ND 

Benzo(a)pyrene 39 6.8 33.30 II ND ND ND ND 

MW = 252 (#4)-perylene 40 6.8 33.60 II ND ND ND ND 

HW = 228 (#l)-Benzo(c)-
phenanthrene 41 » 5.3 28.8 228 ND ND ND ND 

ri 
n 
^'% 
V / 
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HUGHES/G-4 

TABLE 7 (continued) .si/» ^ 5 JTLf T 

C'i 
r-: 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Hopkins 
Well «3 
RTCC-122 

City 
Well «4 
RTCC-115 

Monitor 
Well #5 
RTCC-121 

City 
Well #7 
RTCC-116 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass • 

Concentration (ng/L) 

MH = 228 («2) 42 5.3 29.73 228 ND ND ND ND 

MW = 202 43 4.1 25.32 202 ND ND ND ND 

HW = 276 (#1) 44 10 35.90 276 ND ND ND ND 

Indeno(1,2,3,cd)pyrene 45 10 36.21 II ND ND ND ND 

Benzo(g,h,i)perylene 46 10 36.82 II ND ND ND ND 

MW = 276 (#2) 47 10 37.20 II ND ND ND ND 

Dibenzothiophene 62 1.7 20.97 184 1.9 2.1 13 2.6 

• 

in 
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HUGHES/H-5 

TABLE 7 (continued) ste , S2J* 5 Sir •/ 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Sample Identification 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass 

Hopkins 
Well #3 
RTCC-122 

City 
Well «4 
RTCC-115 

Monitor 
Well #5 
RTCC-121 

City 
Well #7 
RTCC-116 

Feature Identification 
Feature 
Number 

Feature 

L.O.D.® 

Feature 
RT 

(min) 
Feature 
Mass Concentrat ion (ng/L) 

Anthracene-d|o (IS) 21 1.7 21.43 188 

Surrogate Spiking Compound 

Amount 
added 
(ng/L) • Recovery (%) 

Naphthalene-dg 63 100 11.42 136 50 44 39 49 

Chrysene-di2 35 100 29.42 240 57 82 53 63 

r.) • .•% 
^•4 

®L.O.D. = limit of detection in ng/L. 

'^ND = none detected with a detection limit given by the L.O.D. value for each feature. 
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1. SUMMRT or RE1U.T TAR 4 OIEHICAL "ROUTlMr* mRACTIOMS AND ANALYSRS 

.. . .SAMPLE IDEMTirH^TION 

( 

CN #15 (After chlorlnatlon) 

RTCC 
EXTRACTION 
HUHBER 

106 

COST EtEHEIIT*/RIIXIIIC HONTH** «... ( 

A-l* A-a W'' A-1 ti ^ B-3, B-4' 
BMtractlba FMA Screeo iiid* Scan Coal Tar TNA VOA Detailed 

Screen Quant. Quant. Screen MS Interpret 

CW #15 (After chlorination and filtration) 107 

CU #15 (At well head) 108 

Method Blank 109 

(Sept) l(Sept) l(Sept)l(Sept) l(SeBtl 

,C. .C. N.C. N.C. .C. 

-Rs \\t.y-: / —•: 

,//r 

at #15 (At well head) 110 

CW #15 (After well head and aeration) 111 

CW #15 (After chlorination) 112 

CW #15(After chlorination and filtration) 113 

CW #15 (After well head and aeration) 114 .C. .C. N.C. N.C. .C. 

CU #4 115 

CU #7 116 

HU #70 117 

HU #13 118 

ZTi 
CO 

CU #9 iii 

Huaber of coat elcMnt fndicatea the niMeer of aanplaa or fractlono being billed In each category. N.C. Indlcatee no cberge for tble unit 
(A certeln nuiaer of Quality Control Sanplee ere Indicated). 

Billing nonth Indlcatee tbe actual uonth In ublch chargea for the fractlon/eaat unit are aade. 

Eey for coat unit chargea (refer to 21 September 19B2 letter and eatluatee to John Craun for full eaplanatlona). 



' \ 

SAMPLE IDmriWCATIOII 

SUSIASY OP EBILLY TAB A OIBNICAL •ROUTINE" EmACTIOMS AND ANALYSES 

COST ELENENT*/SILmiC NOHTW^ 
BTOC 
EITBACTIOM 
miNBEB 

A-l* 
Eatractfoa 

A-l 
PNA Scraai 

A-3 
1 WIda Scan 

Scraan 

B-1 B-2 A-) B-3. B-4 
Coal Tar PNA VOA Detallad 
Quant. Quant. Scraan NS Intarorat 

Kethod Blank 120 M.C. N.C. N.C. N.C. N.C. 

CU IS 121 1 1 1 1 

Hopkins Hell 13 122 1 1 1 1 

Deionized Hater Spiked with Coal Tar 123 1 1 1 1 1 

Hell 123 9/14/82 15:00 124 1 1 1 
a 

1 1 

Hell 123 9/17/82 16:30 125 1 1 1 1 

Hell #23 9/17/82 16:30 126 1 1 1 1 1 

Method Blank 127 N.C N.C N.C N.C N.C 

Hell #23 7/29/82 861' 128 1 1 1 1 1 

Hell #23 8/7/82 804.5* 129 1 1 1 1 

• \ 

GO 
balag blllcS In each catagery. N.C. inSlcataa oo cbarga for tbla unit * Rualiar ot coat alaMok InSlcataa tha niMbar of aaaylaa or (ractl^ 

(A cartaln auMbar of Quality Control Sanylaa ara Inaicatad). 

^ Silling tb tndlcataa tba actual aontb In ubicb cbargaa for tba fraction/cost unit ara nada. 

* Bay for coat unit cbargaa (rafar to >1 Saptanbar 19B2 lattar and aatluataa to Jobn Craun for full aaplanatfoua). 
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ERT Task: 120 
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}i jiU )J' •{* 

1. 8IMMRY or UILLT TAB A aiBMlCAL "BOUTINE** BnRACTlONS AND ANALYSES 

11 <.SAMPLE IDENYiriCAYION 
BYGC 
BXTBACVION 
NUMBEB 

COST ELEMENT*/BII.LINC MONTM*' I 

A-r 
Extwcttim PNA Sctero 

A-2 Azi 4'^ fd^ Iri *z2 •-*' 
Ide Scan Coal Tat PNA VOA Detailed 
crecn Quant. Quant. Screen MS Interpret 

GU #15 (After chlorlnatlon) 106 (Sept) l(Septl 

CW #15 (After chlorination and filtration) 107 1 1 1 1 1 I'd-'' .t * 

CW #15 (At well head) 108 1 1 1 1 1 
Jr. 

Method Blank 109 H.C. H.C. N.C. H.C. N.C. 

CW #15 (At well head) 110 1 1 1 1 1 

CW #15 (After well head and aeration) 111 1 1 1 1 1 

CW #15 (After chlorination) 112 1 1 1 1 

CW #15(After chlorination and filtration) 113 1 1 1 1 1 

CW #15 (After well head and aeration) 114 H.C. H.C. H.C. H.C. H.C. 

CW #4 115 1 1 Ill 

CW #7 116 1 1 111 

MW #70 
* 117 1 1 111 

HW #13 118 1 1 1 1 1 

CW #9 119' 1 1 1 1 1 

(Sept)l(Sept) l(Sept) 

C?) 
CO 
w 
CO 

* Nunbcr of coat olcnent Indicates the nunber of eanplee or frectlone being billed In each category. N.C. Indicates an charge for this unit 
lA certain nuaber of Quality Control Saaplea are Indicated). 

^ Billing Bonlh Indicates the actual nonth In vhlcb chergea for the fractloa/cnet naflt era nada. 

' Bey for coat unit charges (refer to 22 Septeaber 1982 latter and eatlaatea to John Craun for full eaplanatlons). 
A-l m C9in/»..l.> A.9 m il«Q/an.n|.t A-T - IIS9/naiimlci 0-1 - B.* - ••»on» 1-. »_•» » * _ »tnnt «-



SUHHARY or RBIUV TAt & CUEMICAL "iOUTlHB" EKTRACTIONS AMD ANALYSES 

SAMPLE IDEMTiriCATIOM 
BTCC 
EXTRACTION COST ELEHEMT*/BimilC MOMTW^ 
NUMBER 

A-l® 
SBtractlon 

A-l 
FNA Screen 

A-3 
Wide Scm 
Screen 

1-1 S-I A-3 R-3. S-4 
1 Coal Tar PNA VOA Detailed 

Quant. Quant. Screen MS Interpret 

Method Blank 120 N.C. N.C. N.C. N.C. N.C. 

CM #5 121 1 1 1 1 1 

Hopkins Weil 13 122 1 1 1 1 1 

Deionlzed Hater Spiked vith Coal Tar 123 1 1 1 1 

1 «-* y/li/Bl 15x00 124 1 1 1 
a 

1 1 

Hell #23 9/17/82 16x30 125 1 1 1 1 1 

Hell 123 9/17/82 16x30 126 1 1 1 1 1 

Method Blank 127 N.C N.C N.C N.C N.C 

Hell 123 7/29/82 861* 128 1 1 1 1 1 

Hell 123 8/7/82 804.5* 129 1 1 1 1 1 

CO 

• Ihii^r oi coat oloMot ioSlcataa tha ouiAiar of aaivlaa or fractiooa bolng billed In each catcgorr. N.C. Indlcataa no charge for thla unit 
(A certain nunber of <|uallty Control 1 lea are Indicated). 

lining tb Indlcataa the actual nontb In wblcb cbergea for the fractlon/coet unit are nade. 

' Ecy for coat unit cbargea (refer to XI Sertenbcr 1902 letter and eatlnataa to John Craun for full eaplanatlona). 
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HUGHES-2/E-1 

TABLE 30. RESULTS OF SIM ANALYSES FOR PNAs FOR THE NOVEMBER 1982 OH «23 TREATMENT SYSTEM STUDY 

ERT Task: 220 

«• 

\ 

Feature 
Identification (Q. Mass) 

Feature 
Number 

Feature 
L.O.D.® 

Sample Identification 

Feature 
Identification (Q. Mass) 

Feature 
Number 

Feature 
L.O.D.® 

148 
(dil 
1:1000) 

149 
(dil 
1:1000) 

150 
(dil 
1:100) 

151 
(dil 
1:1000) 

152 
(dil 
1:100) 

Feature 
Identification (Q. Mass) 

Feature 
Number 

Feature 
L.O.D.® ' Concentration (nq/L) 

Indene (116) 64 3.2x102 3.8 X 10^ 6.1 X 10** 1.4 X 10® 6.7 X 10* 6.0 X 10* 

2,3-Dihydroindene (118) 65 4.5x102 2.3 X lO"* 4.2 X 10^ 4.7 X lO"* 4.4 X 10* 2.6 X 10* 

Naphthalene (128) 1 200 6.0 X 10^ 4.6 X 10® 8.5 X 10® 5.8 X 10® 4.7 X 10® 

2-Methylnaphthalene (141) 2 3.6x102 7.5 X 10^ 3.0 X 10® 3.2 X 10® 3.4 X 10® 2.3 X 10® 

1-Methylnaphthalene (141) 3 3.7x102 1.7 X 10® 2.7 X 10® 1.8 X 10® 2.6 X 10® 1.4 X 10® 

Biphenyl (154) 4 2.5x102 4.7 X 10^ 9.0 X 10* 5.4 X lO"* 7.5 X 10* 4.3 X 10® 

C2-naphthalene (141) - Total 5-11 3.7x102 2.0 X lO-* 2.7 X 10® 9.5 X 10^ 1.9 X 10® 8.7 X 10* 

Acenaphthylene (152) 12 1.1x10® 3.6 X lO^* 6.5 X lO"* 4.3 X 10"* 1.2 X 10® 3.0 X 10* 

Dihydroacenaphthylene (154) 13 50 1.2 X 10® 2.0 X 10® 1.0 X 10® 2.0 X 10® 9.3 X 10* 

Fluorene (166) 15 300 2.4 X 10® 2.2 X 10® 1.2 X 10® 2.5 X 10® 1.1 X 10® 

Phenanthrene (178) 20 ' 300 5.6 X 10® 6.5 X 10® 1.6 X 10® 4.4 X 10® 1.3 X 10® 

Anthracene (178) 22 300 ^ 2.4 X 10® 2.3 X 10® 2.9 X lO-* 1.7 X 10® 2.5 X 10* 



HUGHES-2/E-2 

TABLE 30 (continued) 

Feature 
Identification (Q. Mass) 

Feature 
Number 

Feature 
L.O.D.® 

Sample Identification 

Feature 
Identification (Q. Mass) 

Feature 
Number 

Feature 
L.O.D.® 

148 
(dil 
1:1000) 

149 
(dil 
1:1000) 

150 
(dil 
1:100) 

151 
(dil 
1:1000) 

152 
(dil 
1:100) 

Feature 
Identification (Q. Mass) 

Feature 
Number 

Feature 
L.O.D.® Concentration (ng/L) 

Fluoranthene (202) 31 300 , 2.6 X 10® 3.6 X 10® 3.5 X 10* 2.1 X 10® 2.4 X 10* 

Pyrene (202) 32 900 1.9 X 10® 2.8 X 10® 2.7 X 10* 1.7 X 10® 1.5 X 10* 

Benzo(a)anthracene (228) 33 100 1.2 X 10® 2.9 X 10® 1.1 X 10* 9.2 X 10* 6.4 X 10® 

Chrysene (228) 34 800 2.4 X 10® 2.1 X 10® 9.2 X 10® 1.3 X 10® 5.9 X 10® 

Benzo(b)fluoranthene (252) 36 2.4x10® 2.9 X 10® 2.6 X 10® 
3.6 X 10* 2.9 X 10® 1.5 X 10* 

Benzo(k)fluoranthene (252) 37 2.4x10® 2.9 X 10® 2.6 X 10® 
3.6 X 10* 2.9 X 10® 1.5 X 10* 

Benzo(e)pyrene (as 39) (252) 38 1.3x10® 3.8 X 10< 2.5 X lO* 2.4 X 10® 1.9 X 10* 1.1 X 10® 

Benzo(a)pyrene (252) 39 1.3x10® 5.7 X lO* 6.5 X 10^ 4.2 X 10® 3.0 X 10* 1.9 X 10® 

Perylene (as 39) (252) 40 1.3x10® 6.9 X 10® 8.5 X 10® 9.0 X 10® 5.8 X 10® ND** 

Indeno(1,2,3,cd)pyrene (276) 45 2.3x10® 2.9 X lO* 2.4 X 10-* 2.7 X 10® 2.3 X 10* ND 

Dibenz(a,h)anthracene (278) 66 1.9x10® ND ND ND ND ND 

Benzo(g,h,i)perylene (276) 46 1.4x10® 6.3 X 10® 1.2 X 10* 1.7 X 10® 1.2 X 10* ND 

Acridine (178) S1 2.9x10® ND 2.5 X 10® 1.5 X 10* ND 1.1 X 10* 

<M 
I 
in 

CO 
a 
CO 



V. HUGHES-2/E-3 

TABLE 30 (continued) 

Feature 
Identification (Q. Mass) 

Feature 
Number 

Feature 
L.O.D.® 

148 
(dil 
1:1000) 

149 
(dil 
1:1000) 

.JCIIIII^XC XUCI 

ISO 
(dil 
1:100) 

151 
(dil 
1:1000) 

152 
(dil 
1:100) 

• 

Feature 
Identification (Q. Mass) 

Feature 
Number 

Feature 
L.O.D.® Concentration (ng/L) 

Carbazole (166) 68 1.9x10® 2.4 X 10** 6.6 X 10** 3.6 X 10** 3.5 X 10** 3.3 X 10** 

Anthracene-dxo (IS) (188) 21 - 25 25 25 25 25 

Surrogate Spiking Compound 

Amount 
added 
(ng/L) Recovery (%) 

Naphthalene-ds (136) 63 100 - - - - -

Chrysene-di2 (240) 35 100 - - - - -

« 

& 

? 8 
g CO 
g C) 

®L.O.D. = limit of detection. / 

^ND = none detected with a detection limit given by the L.O.D. value (in ng/L) for each compound for 1:100 
dilution. 
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GCA 
GCA CORPORATION 
Technology Division 

213 Burlington Road 
Bedford, IVIassachusetts 01730 
Telephone: 617-275-5444 
Telex: 92-3339 

September 24, 1982 

Mike Kosakowskl 
U.S. Environmental Protection Agency 
Office of Hazardous Waste Enforcement 
Fairchild Building, 2nd Floor 
499 S. Capital, S.W. 
Washington, D.C. 20460 

Subject: EPA Contract No. 68-01-6316 
(GCA 1-452-124) 

Dear Mike: 

Enclosed please find base-neutral extractables results for the following samples: 

• MWCC 1/20/82 
• Presscake 1/22/82 
• Presscake 1/27/82 
• Presscake 1/29/82 

All samples were prepared as specified in Interim Methods for the Sampling and 
Analysis of Priority Pollutants in Sediments and Fish Tissue (U.S. EPA, EMSL, Cinn., 
Ohio). Subsequent Priority Pollutant analyses were provided via GC/MS using a 
fused silica capillary column. Please note that all component concentrations are 
reported in mg/kg (ppm) of wet sample. Results are also provided for a replicate 
of GCA 19106 spiked with several polynuclear aromatic components (Table 1). 

Should you have any questions concerning the enclosed information please do not 
hesitate to contact me. 

Sincerely, 

//^wj 
Mike Rennekamp 
Senior Staff Scientist 
Laboratory Analysis Department 

cc: File 1-452-124 

MER/mdp 

BRANCH OFFICE: 500 Eastowne Drive • Chapel Hill, NC 27514 • (919) 489-6550 



Compound 

TABLE I 

Quality Control Sample 

Spiked CCA 19106 

Expected 

Concentration mg/kg' 

Reported % Recovery 

Acenaphthylene 

Phenan th rene 

Benzo (a) anthracene 

Fluoranthene 

3.6 

1.4 

2.1 

3.6 

2.8 

1.4^ 

2.1 

3.8 

78 

100 

100 

105 

a. Wet Weight Values 

b. Corrected for Amount in the Sample (GCA 19106) 

GCA 
OCA CORPORATIOM 
Technology Division 



Project 1-452-12AC GGA Control No. 19106 

DATA REPORT SHE1;T 
Base/Neutral Extractables 

Sample I.D. Presscake 1/27/82 Analysis Date 7/14/82 

Sample Matrix Sludge Instrument HP 5985 GC/MS 

Parameter 
Ion Used to 
Quantitate 

Concentration 
( mg/kg ) Remarks 

acenaphthene ND 
acenaphthylene ND 
anthracene ND 
phenanthrene 178 1.3 
benzo(a)anthracene ND 
chrysene ND 
benzo(a)pyrene ND 
benzo(b)fluoranthene ND 
benzo(k)fluoranthene ND 
benzoCg,h,i)perylene ND* 
indeno(l,2.3-cd)pyrene ND* 
dibenzo(a,h)anthracene ND* 
£luoranthene ND 
pyrene ND 
fluorene ND 
naphthalene ND 
2-chloronaphthalene ND 
1,2-dichlorobenzene ND 
I,3-dichlorobenzene ND 
1,4-d ichlorobenzene ND 
1,2,4-trichlorobenzene ND 
hexachlorobenzene ND 
nitrobenzene ND 
2,4-dinitrotoluene ND 
2,6-dinitrotoluene ND 
dimethyl phthalate ND 
diethyl phthalate ND 
di-n-butyl phthalate ND 
dioctyl phthalate ND 
butyl benzyl phthalate ND 
bisC2-ethylhexyl) phthalate 149 58 
bis(chloromethyl) ether ND 
bi8(2-chloroethy1) ether ND 
bie(2-chloroiBopropyl) ether ND 
4-bromopheny1 phenyl ether ND 
4-chloropheny1 phenyl ether ND 
N-nitrosodimethy1 amine ND 
N-nitrosodipheny1 amine ND 
N-nitrosodi-n-propyl amine ND 
hexac h1oroe thane ND 
bisC2-chloroethoxy) methane ND 
isophorone ND 
hexachlorobutadiene ND 
3,3'-dichlorobenzidine ND* 
benzidine ND* 
1,2-diphenyIhydrazine ND 
hexachlorocyclopentadiene ND 
2,3,7,B-tetrachlorodibenzo-p-dioxin ND 

ND = 
ND* 

< 1 mg/kg 
= < 4 ug/kg ••A 

GCA 
fXA CORPORATION 
Technology Division 



Proj ec t. 1-452-124C GGA Control No. 19162 

DATA REPORT SHEET 
Base/Neutral Extractables 

D 

Sample I.D. Presscake 1/29/82 Analysis Date 8/28/82 

Sample Matrix Sludge Instrument HP 5985 GO/MS 

Parameter Ion Used to 
Quantitate 

Concentration 
( mg/kg ) Remarks 

acenaphthene ND 
acenaphthylene ND 
anthracene ND 
phenanthrene 178 1 . 1 
benzo(a)anthracene ND 
chrysene Ni) 
benzo(a)pyrene ND 
benzo(b)fluoranthene ND 
benzo(k)fluoranthene ND 
benzo(c,h,i)perylene ND* 
indeno(1,2,3-cd)pyrene ND* 
dibenzo(a,h)anthracene ND* 
fluoranthene ND 
pyrene ND 
fluorene ND 
naphthalene ND 
2-chloronaphthalene ND 
1,2-d ichlorobenzene ND 
1,3-dichlorobenzene ND 
1,4-d ichlorobenzene ND 
1,2,4-t richlorobenzene ND 
hexachlorobenzene ND 
nitrobenzene ND 
2,4-dinitrotoluene ND 
2,6-d ini t rotoluene ND 
dimethyl phthalate ND 
diethyl phthalate ND 
di-n-butyl phthalate ND 
dioctyl phthalate ND 
butyl benzyl phthalate ND 
bisC2-ethylhexy1) phthalate 149 29 
bis(chloromethy1) ether ND 
bisC2~chloroethy1) ether ND 
bie(2-chloroi8opropy1) ether ND 
4-bromopheny1 phenyl ether ND 
4-chloropheny1 phenyl ether ND 
N-nitroaodimethyl amine ND 
N-nitrosodiphenyl amine ND 
N-nitrosodi-n-propyl amine ND 
hexachloroethane ND 
bis(2-chloroethoxy) methane ND 
isophorone ND 
hexachlorobutadiene ND 
3, 3'-dichlorobenzidine ND* 
benzidine ND* 
1,2-diphenylhydrazine ND 
hexachlorocyclopentadiene ND 
2,3,7,8-tetrachlorodibenzo-p-dioxin ND 

ND = < 1 rag/kg 
ND* = < 4 mg/kg 

GCA 
GCA COF^PORAIION 
Technology Division 



Project. 1-452-124C GCA Control No. 18941 

DATA REPORT SHEllT 
Base/Neutral Extractables 

'iimple I.D. MWCC 1/20/82 Analysis Date 7/14/82 

Sample Matrix Sludge Instrument HP 5985 GC/MS 

Parameter Ion Used to 
Quantitate 

Concentration 
( mg/kg ) Remarks 

acenaphthene ND 
acenaphthylene ND 
anthracene ND 
phenanthrene 178 1.2 
benzo(a)anthracene ND 
chrysene ND 
benzo(a)pyrene ND 
benzo(b)fluoranthene ND 
benzo(k)fluoranthene ND 
benzoCgjh,i)perylene ND* 
indenol1,2,3-cd)pyrene ND* 
dibenzo(a,h)anthracene ND* 
fluoranthene ND 
pyrene ND 
fluorene ND 
naphthalene 128 1.4 
2-chloronaphthalene ND 
1,2-dichlorobenzene ND 
1,3-dichlorobenzene ND 
1,4-d ichlorobenzene ND 
I,2,4-trichlorobenzene ND 
hexachlorobenzene ND 
nitrobenzene ND 
2,4-dinitrotoluene ND 
2,6-dinitrotoluene ND 
dimethyl phthalate ND 
diethyl phthalate ND 
di-n-butyl phthalate ND 
dioctyl phthalate ND 
butyl benzyl phthalate ND . 
bisC2-ethylhexy1) phthalate 149 67 
bi8(chloromethyl) ether ND 
bis(2-chloroethy1) ether ND 
bis(2-chloroiaopropyl) ether ND 
4-bromophenyl phenyl ether ND 
4-chloropheny1 phenyl ether ND 
N-nitrosodimethy1 amine ND 
N-nitrosodiphenyl amine ND 
N-nitrosodi-n-propy1 amine ND 
hexachloroethane ND 
bi8(2-chloroethoxy) methane ND 
isophorone ND 
hexachlorobutadiene ND 
3,3'-dichlorobenzidine NT)* 
benzidine ND* 
1,2-diphenyIhydrazine ND 
hexachlorocyclopentadiene ND 
2,3,7,8-tetrachlorodibenzo-p-dioxin ND 

n 

N'D = 
ND* 

< 1 mg/kg 
= < 4 mg/kg ••A 

GCA 
' .CA V JUATK )n 
Technology Division 



Proj ec t 1-452-12AC GCA Control No. 18982 

DATA REPORT SHEET 
Base/Neutral Extractables 

Sample I.D. Presscake 1/22/82 Analysis Date 8/2/82 

Sample Matrix Sludge Instnunent HP 5985 GC/MS 

Parameter 
Ion Used to 
Quantitate 

Concentration 
( mg/kg ) 

Remarks 

acenaphthene ND 
acenaphthylene ND 
anthracene ND 
phenanthrene ND 
benzo(a)anthracene ND 
chrysene ND 
benzo(a)pyrene ND 
benzo(b)fluoranthene NO 
benzo(k)fluoranthene ND 
benzo(g,h,i)pery lene ND* 
indenoC1,2,3-cd)pyrene ND* 
dibenzo(a,h)anthracene ND* 
fluoranthene ND 
pyrene ND 
fluorene ND 
naphthalene ND 
2-chloronaphthalene ND 
1,2-dichlorobenzene ND 
1,3-dichlorobenzene ND 
1,4-d ichlorobenzene ND 
1,2,4-trichlorobenzene ND 
hexachlorobenzene ND 
nitrobenzene ND 
2,4-d initrotoluene ND 
2,6-dinitrotoluene ND 
dimethyl phthalate ND 
diethyl phthalate ND 
di-n-butyl phthalate ND 
dioctyl phthalate ND 
butyl benzyl phthalate ND 
bisC2-ethylhexy1) phthalate 149 61 
bisCchloromethyl) ether ND 
bis(2-chloroethy1) ether ND 
bie(2-chloroi8opropy1) ether ND 
4-bromophenyl phenyl ether ND 
4-chloropheny1 phenyl ether ND 
N-nitrosodimethy1 amine ND 
N-nLtrosodipheny1 amine ND 
N-nitroaodi-n-propy1 amine ND 
hexachloroethane ND 
bi8(2-chloroethoxy) methane ND 
isophorone ND 
hexachlorobutadiene ND 
3,3'-dichlorobenzidine ND* 
benzidine ND* 
1,2-diphenyIhydrazine ND 
hexachlorocyclopentadiene ND 
2,3,7,8-tetrachlorodibenzo-p-dioxin ND 

ND = < 1 mg/kg 
ND* = < 4 mg/kg ••A 

GCA 
GCA CORPORATION 
Technology Division 
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Analysis of Polynuclear Aromatic Hydrocarbons 
EPA Method 610 

Instrument Conditions 

1) Dupont Model 850 High Pressure Liquid Chromatograph. 

2) Perkin-Elmer Analytical PAH 0258-0082 column. 

3) Perkin-Elmer 650-10S Fluorescence Spectrophotometer; 15 nm slit setting; 
280 nm Excitation, 389 nm Emission. 

4) Perkin-Elmer LC-75 UV Spectrophotometric detector; 254 nm. 

5) Gradient Elution - Linear gradient of 30% Acetonitrile/70% water, increasing 
to 100% Acetonitrile over 60 minutes; flow rate of 1.0 ml./min. 

6) Injection volume - 30 microliters. 

GCA CORPORATION 
Technology Division 

GCA 
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GCA Soils Boring Project 
Reilly Tar Site 

St. Louis Park, Minnesota 

. r/en 

Boring 
Number 

1 

Piezometer 
Number 

1 

USGS 
Project 
Number 

8 

9 

Detai1 
Location Map 

36th & Minnehaha Creek Yes 

36th & Minnehaha Creek Yes 

34th & Wyoming near No 
SLP #5 

32nd & Rhode Island/ Yes 
Quebec, Oak Hill Park 

Near W23, Reilly No 
deep well 

On Highway 7, west of Yes 
Louisiana Ave. Extension 

Walker Ave. and Yes 
Louisiana Ave. Extension 

400' west of Boring #7 Yes 

(Reserve) 

Purpose 

Shake down; un-
contaminated peat 
sample, drift well 

Uncontaminated 
Platteville well; 
samples of 
uncontaminated 
drift soils 

Platteville well 
at edge of known 
contamination; drift 
samples near edge of 
known contamination 

Drift well near 
area of suspected 
disposal, previously 
not investigated 

Drift well to 
determine conta
mination of drift 
near major source of 
PdC/J contamination 

Drift boring to 
determine effect of 
highway construction 
on lacustrian 
deposits 

Drift boring to 
determine northern 
extent of contami
nation in major 
disposal area 

If heavy contamina
tion found in 
boring #7 or 8, 
wait til second 
round. If contami
nation not found, 
place near USGS W13 
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GCA \ 

CROSS REFERENCE LIST OF WATER SAMPLES RECEIVED FOR PAH ANALYSIS 

(EPA Contract No. 68-01-6316) 
(GCA 1-452-124) 

Sampling date Sample code GCA Control No, 

1/13/82 UM-827 18825 
UM-840 18826 
UM-847 18827 
UM-859 18828 
Ford Dam 18829 

1/19/82 Field Blank (1/19/82) 18931 
EPF E 18932 
EPF W 18933 
Ford Dam 18934 
Gray Cloud 18935 
INF 18936 
UM-827 18937 
UM-840 18938 
UM-847 18939 
UM-859 18940 

1/21/82 Field Blank (1/21/82) 18977 
EFF E 18978 
EFF W 18979 
INF E 18980 
INF ISCO 18981 

1/26/82 Field Blank (1/26/82) 19099 
INF E 19100 
INF E ISCO 19101 
EFF E 19102 
EFF W 19103 

1/28/82 Field Blank (1/28/82) 19157 
EFF E 11° 19158 
EFF W 11° 19159 
INF E 1° 19160 
INF 1° E ISCO 19161 



Project l-452-124b GCA Control No* 18132 

DATA REPORT SHEET 
Polynuclear Aromatic Hydrocarbons 

EPA Method 610 

Sample l.D. SLP 15 

Additional Comments 

Analyst!s) M. Gardell 

Analysis Date 3/31/82 

Checked By R' Roblllard 

Report Date 4/13/82 

Parameter Concentration 
(ng/1) 

Remarks 

Naphthalene <57 

Acenaphthene^ 2.200 

Fluorene 25.000 

Phenanthrene < 10 

Fluoranthene 20,000 

Anthracene 270 

Trinhenylene 86 

Pyrene < 8 

Benzo!a)Anthracene 17 

Chrysene < 2 

llenzo! e) Pyrene < 5 

Benzo!b)Fluoranthene A
 

O
 

llenzo( a) Py rene^ < 1 

Benzo(g,h, i)Perylene <10 

Dibenzo(a,h)Anthracene < 5 

Indeno! 1, 2, 3-cd) E>yrene < 50 

^Coelutes with Acenaphthylene—Value calculated on basis of Acenaphthene. 

^Coelutes with Benzo(k)Fluoranthene—Value calculated on basis of Benzo(a) 
Pyrene 
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Monsanto 
RHTD SEP 2 71982 ' 

MONSANTO RESEARCH CORPORATION 
Dayton Laboratory 
1S15 Nicholas Road 
P. O. Box 8. Station 8 
Dayton, Ohio 45407 
Phone:(513)268-3411 
TWX 810-459-1681 

22 Wednesday 1982 

|Af3^ 
£US 

Va'-AZ-

Mr. John C. Craun 
Environmental Research and Technology, Inc. 
Porter Building - Tenth Floor 
601 Grant Street 
Pittsburgh, Pennsylvania 15219 

Dear John: 

The attached table is a listing of the water samples presently 
on hand at MRC from 0W23. 

Sincerely, 

MONSANTO RESEARCH CORPORATION 

cc: 

,^eph J. Brot^lcs, Ph.D. 
Research Group Leader ^ 
GC/MS Technology 

Paul Rivel-s/RTC 
Ed Schwartzbauer/Dorsey, Windhorst, Hannaford, Whitney * Hallcidsy 

40S70' 

i-^r -d; 

8 subsidiary o( Monsanto Company 
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St. Louis Park 0W23 Water Samples on Hand at HRC (9/20/82) 

A" 
O 
GO 

<75 

MRC Loq Number Date Time Depth Quantity Description 

1-82-07-19-06 7/16 9:30 824' IL 8a11er Sample - water, suspended shale 
and possible tar within (liquid), green 

1-82-07-28-05 7/27 12:00 850' IL Bailer Sample - grayish, soupy liquid, 
watery, some tar odor, gas film on top, 
some sand 

1-82-07-36-01 7/28 15:50 861" IL Bailer Sample - soupy, watery-gray liquid, some 
tar floating on top (film), also some sand 
and shale 

1-82-07-30-01 7/29 '9:00 861* IL Bailer Sample - soupy, watery-gray material, 
some sand and pieces of shale within, note 
tarry film on top 

1-82-08-11-02 8/5 9:25 100' IL Pump Sample - sample taken at discharge before 
filter 

1-82-08-11-02 8/5 9:28 100' 'V0.3L Pump Sample - sample taken after discharge filter 
before entering pond. 

1-82-08-11-02 8/5 14:30 668.5' IL Pump Sample 

1-82-08-11-02 8/6 8:23 752.5' IL Pump Sample - pH 7.36, 16 min. since pumping began 

*1-82-08-11-02 0/7 10:00 804.5' IL Pump Sample - sample from 24-hour pumping test 
at 804.5' 

1-82-09-15-03 9/13 12:20 810' 4L Pump Sample - 24-hour pumping test 

1-82-09-15-03 9/13 12:45 810' 4L Pump Sample - 24-hour pumping test 

1-82-09-15-03 9/13 13:15 810' 4L Pump Sample - 24-hour pumping test 

1-82-09-15-03 9/13 14:15 810' 4L Pump Sample - 24-hour pumping test 

1-82-09-15-03 9/13 16:15 810' 4L Pump Sample - 24-hour pumping test 

1-82-09-15-03 9/14 15:00 810' 4L Pump Sample - 24-hour pumping test 

1-82-09-20-02 9/17 16:30 810' 8L Pump Sample 

•Two other samples taken at 804.5' at»08/06/18:00 and 08/07/02:00 were broken during shipment and lost. 

1 
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545 Indian Mound 
Wayzala, Minnesota 55391 

(612)473-4224 

September 14, 1982 

Mr. Mike Hansel 
Regulatory Compliance Section 
Solid and Hazardous Waste Division 
Minnesota Pollution Control Agency 
1935 West County Road B2 
Roseville, Minnesota 55113 

Re: St. Louis Park Well Abandonment Program 

Dear Mr. Hansel: 

Enclosed please find one (1) copy of the results of the pumping 
test performed on September 6th and 7th (24 hour) as well as the 
results of the clean-out pumping of September 5» 19B2. The 
results are not corrected for recoveries or extraction efficiency. 

The samples are coded as follows: 

ow 23 
F. MS 
0 

Well W 23 
Formation - Mt. Simon 
Time into pumping test 

OW 23 
F. MS 
0800 

Well W 23 
Formation - Mt. Simon 
Time into pumping test (8 hrs) 

OW 23 
F. MS 
1600 

Well W 23 
Formation - Mt. Simon 
Time into pumping test (16 hrs) 

OW 23 
F. MS 
24 

Well W 23 
Formation - Mt. Simon 
Time into pumping test (24 hrs) 

OW 23 
F. Pond 
0 

Well W 23 
Stormwater Pond West of W 23 
Grab sample - prior to discharge 

in pond 

OW 23 
F, EC 
0 

Well W 23 
Formation - Eau Claire (752.5 ft) 
Time 0 represents 6.5 minutes 

after pump turned on 

SG26726 



Mr. Mike Hansel 
Page Two 
September 1^, 19B2 

OW 23 Well W 23 
F.lOU Pump setting - 100 feet 
9:10 Time sample taken - 13 minutes 

after pump turned on 

OW 23 Well 23 
F.PS Pump setting - 6bb.5 feet 
0 Time sample taken - 13 minutes 

after pump turned on 

If you have any questions and/or comments please feel free to 
contact me at ^73-^22^. 

Sincerely, 

EUGENE A. HICKOK AND ASSOCIATES 

George W. Boyer, P.E. 
Vice President 

bt 

9626-^27 



The University of Iowa 
Iowa City. Iowa 5??42 

UnlverBity Hygienic Laboratory 

1319) 353-5990 

RECEIVED SEP 1 3 1982 

10 September 1982 

E.A. Hiciiok and Associates 
545 Indian Mound 
Wayzata, MN 55391 

Attn: Mr. George Boyer 

Dear George: 

Attached are the results from the St. Iiouis Park samples. 

The results are not corrected for recoveries or extraction efficiency, 
have any questions contact us. 

If you 

Sincerely, 

0=^ j;c. 
Armand F. Lange, Ph.D. 
Chief, Organic Analytical Division 

mh 

cc: Dr. Splinter 
Dr. Hahne 
Mr. Brewer 
Ms. Cain 
File 



UNIVBKSITY HYGIENIC LABORATORY 

Q m/e Confound 

% recoveries 

Ipg/L lOyg/L 
spike spike 

117 2,3-dihydrolndene 27 54 

115 Xndene 36 62 1 

128 Naphthalene 47 

48 

74 
1 
1 

134 Benzo[b]thiophene 

47 

48 79 

129 Quinoline 46 110 

142 2-methylnaphthalene 50 92 

117 Indole 53 103 

142 1-aethylnaphthalene 50 102 

154 1,1'biphenyl 59 103 

152 Acenaphthylene 62 108 

154 Acenaphthene 73 121 

166 Fluorene 80 104 

178 Phenanthrene 85 120 

178 Anthracene 83 97 

179 Acridine 74 120 

179 Phenanthridine 75 115 1 1 

167 Carbazole 115 117 

202 Fluoranthene 95 68 

202 Pyrene 123 

228 Benz[a]anthracene 89 120 

228 Chrysene 97 122 

252 Benzo(b]fluoranthene 85 108 

252 Benzo[klfluoranthene 72 106 

252 Benzole]pyrene 84 107 

252 Benzola]pyrene 82 106 

252 Perylene 105 

276 Indeno[1,2/3 CD]pyrene 91 90 

278 Dibenz[a,h]anthracene 74 103 

276 Benzo[g.h.i]perylene 84 110 

9626729 



Q n/e Compound SOL BLK 

UNIVERSITY HYGIENIC LABt^KATORY 

yg/L 

117 2.3-dihvdrolndene <1 

115 Indene <1 

128 Naphthalene <1 
( 

134 BenzoIblthlophene <1 

129 Quinoline <5 

142 2-fflethylnaphthalene <1 

117 Indole <1 

142 l-methylnaphthalene <1 

154 1.1'biphenvl <1 

152 Acenaphthylene <1 

154 Acenaphthene <1 

166 Fluorene <1 

178 Phenanthrene <1 

i78 Anthracene <1 

179 Acridine <1 

179 Phenanthrldlne <1 

167 Carbazole <1 

202 Fluoranthene <1 

202 Pyrene <1 

228 Benz[a]anthracene <1 

228 Chrysene <1 

252 Benzo[b]fluoranthene <1 

252 Benzo[k]fluoranthene <1 

252 Benzo[e]pyrene <1 

252 Benzola]pyrene <1 

252 Perylene <1 

276 Indeno[1.2,3 CD]pyrene <1 

278 Dibenz(a,h]anthracene <1 
1 
1 

276 Benzo[g,h,i]perylene <1 i I 
1 I 

SGZe-rSO 



UNiVEKsrrv Hyi;iENJi: LABORATOHV 

S m/e Coii9>ound OFW BLK g/L 

117 2,3-dlhydrolndene <1 

115 Indene <1 t 

128 Naphthalene <1 
1 

134 Benzolblthlophene <1 

129 Quinoline <5 
1 
1 
i 

142 2-methylnaphthaIene <1 

117 Indole <1 
[ — 
1 

142 1-nethylnaphthalene <1 

154 1.1'blphenvl <1 

152 Acenaphthylene <1 

154 Acenaphthene <1 

166 Fluorene <1 1 

i78 Phenanthrene <1 
1 

1 
178 Anthracene <1 

I 
i 

179 Acrldine <1 1 

} 

179 Phe.ianthridlne <1 \ 

167 Carbaztle <1 
1 

1 

1 

i 
, 1 1 202 Fluoranthene <1 

1 

i 
, 1 1 

202 Pyrene <1 
1 1 " ( 
! 1 

t 
1 

228 Benzla]anthracene ! <1 

228 ''hrysene ' <1 
1 r— -

-t-

! 

252 Benzolb]fluoranthene t <1 • 

r— -

-t-

! 1 
252 Benzo[k]fluoranthene i <1 

r— -

-t-

! 

252 Benzo[elpyrene i <1 

252 Benzola]pyrene 
1 

<1 

252 Perylene <1 1 1 — .. 

276 liidenot1,2,3 CD]pyrene ' 1 < 1 ( r 1 ^ 
— .. 

278 (a,h]anthracene <1 1 : 
r — -

1 

?76 Hf'nzo I g,h,i] perylene <1 
• - 1 • 1 ! 

f 1 1 
1 
1 

r — -

1 

9626731 



UNIVEKSITY HYGIENIC LABORATORY 

^1.11 

Q m/e Confound jgA Lab # 2-277B /4 153 

117 2,3-dihydrolndene 

115 Indene 

128 Hapht-halene 

134 Benzo[b}thiophene 

129 Quinoline 

142 2-methylnaphthalene 

117 Indole 

142 1-methylnaphthalene 

154 1,1'biphenyl 

152 Acenaphthylene 

154 Acenaphthene 

^66 Fluorene 

102 

204 

1287 

154 

<5 

2241 

156 

1497 

788 

808 

1628 

1757 

I / 
OW 23 F. MS i.tt\ 

0 .8-&.82^--

f©o«- " 

178 Phenanthrene 5249 

178 Anthracene 2004 

179 Acridine 295 

179 Phenanthrldlne 399 

167 Carbazole 3013 

202 Fluoranthene 4334 

202 Pyrene 3662 

228 Benzla]anthracene 1748 

228 Chrysene 

252 Benzolb]fluoranthene 

252 BenzoIk]fluoranthene 

252 Benzo[elpyrene 

252 Benzo[a]pyrene 

252 Perylene 

276 Indeno[1,2,3 CD]pyrene 

278 Pibenzla,h]anthracene 

276 Benzo[g,h,llperylene 

1628 

1301 

1028 

928 

1498 

506 

1612 

588 

944 

I 
T" 

-i—^ 

f 

—-t—t-

8626732 



UNIVERSITY HYGIENIC LABORATORY 

Q m/e Conpound pg/L Lab « 2-2776 

OW 23 Formation MS 

/4154 0800 8-6-82 

117 2,3-dihydroindene 12 

116 Indene 32 

128 Naphthalene 71 

134 Benzo[b]thiophene 9 

129 Quinoline <5 

142 2-fflethylnaphthalene 47 

117 Indole <1* 

142 1-methylnaphthalene 49 

154 1,1'biphenyl 9 

152 Acenaphthylene 12 

154 Acenaphthene 26 

166 Fluorene 26 

i7e Phenanthrene 29 

178 Anthracene 7 

179 Acridine 

179 Phenanthridine <1* 

167 Carbazole 7 

202 Fluoranthene 14 

202 Pyrene 12 

228 Benz[a]anthracene 6 

228 Chrysene 4 

252 Benzolb]fluoranthene 2 

252 Benzo[k]fluoranthene 1 

252 Benzo[elpyrene 1 

252 Benzo[a]pyrene 2 

252 Perylene <1* 

276 Indeno[1,2,3 CD]pyrene 1 

278 Dibenz[a,h]anthracene <1« 

276 Benzo[g,h,i]perylene 1 1 

coiqpound present, but below quantitation limits 

9626-33 



UNIVERSITY HYijlENlC LAUiJRyVlOKY 

Q m/e Con^oand ,i9/L Lab « 2-2777 /41b'j 

OW 23 F. MS 

1600 8-7-82 

117 2,3-dlhydroindene 

lis Indene 

128 Naphthalene 

134 Benzo[b]thiqphene 

14 

52 

12^1 C?uinoline <5 

142 2-methylnaphthalene 12 

11/ Indole <1* 

142 1-methylnaphthalene 16 

154 1,1'blphenyl 

152 Acenaphthylene 

154 Acenaphthene 

166 Fluorene 17 

. Phenanthrene 16 

178 Anthracene 

179 Acrldine 

179 Phenanthrldlne <1* 

167 Carbazole 

202 Fluoranthene 

202 Pyrene 

228 Benz[a]anthracene <1* 

228 Chrysene <1* 

252 BenzoIb]fluoranthene <1* 

252 BenzoIk 1fluoranthene <1* 

252 Benzo[e]pyrene <1* 

252 Benzo[a]pyrene <1* 

252 Perylene 

276 Indeno[1,2,3 CD]pyrene <1* 

278 Dlbenz[a,h]anthracene <1* 

276 Benzolg,h/ilperylene 

•H" 

coii{>ound present/ but below quantitation limits 

9626»r34 



UNIVERSITY HYGIENIC LABORATORY 

Q m/e Coiqpound ig/L Lab # 2-277y /4156 

OW 23 

24 

F. MS 

8-7-82 

117 2,3-dihydroindene 12 

" 

115 Xndene 31 

128 Naphthalene 78 

134 Benzo[b]thiophene 10 

129 Quinoline <5 

142 2-methylnaphthalene 25 

117 Indole 1 

142 1-methylnaphthalene 27 

154 1,1'blphenyl 8 

152 Acenaphthylene 12 

154 Acenaphthene 24 

*66 Fluorene 20 

178 Phenanthrene 22 

178 Anthracene 4 

179 Acridine 5 

179 Phenanthridine <1* 

167 Carbazole 7 

202 Fluoranthene 8 

202 Pyrene 7 

228 Benz[aIanthracene 1 

228 Chrysene <y* 

252 Benzo[b]fluoranthene 

252 Benzo[k1fluoranthene 

252 Benzole]pyrene <1* 

252 Benzo[a]pyrene 1 

252 Perylene <1* 

276 Indeno[1,2,3 CD]pyrene <1* 

278 Dibenz[a,h]anthracene 

**76 Benzo lg,h,i] perylene <!• 

* confound present, but below quantitation limits 

9626'7'35 



UNIVKKSITY HYLilBNIC LABOKAToKV 

Q n/e Coni(>uund V 9A Lab « 2-27B1 /4158 

OW 23 F. Pond 

0 8-5-82 

117 2,3-dihydroindene <1 

115 Indene <1 

128 Naphthalene <1 

134 Ben2.'b]thiophene <1 

129 ^Minollne <5 ( 1 

142 2-inethylnaphthalene <1 

117 Indole <1 

142 l-methylnaphthalene <1 

154 1,1'blphenyl <1 1 1 

152 Acenaphthylene <1 

154 Acenaphthene <1 

166 Fluorene <1 

i78 Phenanthrene <1 
1 

178 Anthracene <1 

179 Acrldlne <1 1 
1 

179 Phenanthridine <1 
1 

167 Carbazole <1 

202 Fluoranthene <1 , 

202 Pyrene <1 
r 

228 Benz[a]anthracene <1 

228 Chrysene <1 

252 Benzo[b]fluoranthene <1 

252 Benzo[k]fluoranthene <1 

252 Benzole]pyrene <1 

252 Benzo[a]pyrene <1 

252 Perylene <1 
« 

276 IndenoI1,2,3 CD]pyrene <1 I 

278 Dlbenz[a,h]anthracene <1 
\ 
1 

276 Benzo[q,h,11perylene <1 
1 

sszG-as 



OW 23 F. EC 

c m/e Coiqpound pSA" I^b # 2-2790 /A 1157 0 > 8 1-6-82 

117 2,3-dihydroindene 15 

lis Indene 16 

128 Naphthalene 6 . 

134 Benzolblthiophene 7 

129 Quinollne <5 

142 2-methylnaphthaIene 17 

117 Indole 2 

142 1-methylnaphthalene 53 

154 1,1'biphenyl 16 

152 Acenaphthylene 22 

154 Acenaphthene 41 

166 Fluorene 62 

*78 Phenanthrene 114 

178 Anthracene 37 

179 Acrldine 5 

179 Phenanthridlne 1 

167 Carbazole 3 

202 Fluoranthene 68 

202 Pyrene 52 

228 Benz[a]anthracene 21 

228 Chrysene 19 

252 Benzulb]fluoranthene 15 

252 Benzo[K]fluoranthene 11 

252 Benzole]pyrene 11 

252 Benzo[a]pyrene 16 

252 Perylene 5 

276 Indeno[1,2,3 CD]pyrene 15 

278 Dibenz[a,h]anthracene 5 

1 276 Benzo[g,h,l]perylene 17 1 1 1 

9626737 



UNIVERSITY HYfilENIC LABORAT(JKX 

Q 0i/e "oin>oiind ig/L Uab « 2-2782 /4 138 

OW 23 P. 100< 

9:10 8-5-82 

117 2,3-dihydroindene 

115 Indene 

128 Naphthalene 

17 

11 

134 Benzo[b]thlophene 

129 'Qulnoltne 

10 

142 2-methYlnaphthalene 

117 Indole 

142 1-methylnaphthalene 

154 1,1'biphenvl 

18 

233 

23 I « 
-r — 

157 Acenaphthylene 34 

154 Acenaphthene 326 

166 Fluorene 263 

. 78 Phenanthrene 659 

178 Anthracene 169 

179 Acridlne 22 

179 Phenanthrldlne 11 

167 Carbazole 

202 Fluoranthene 428 
—t--

» 

202 Pyrene 291 

228 Benz[a]anthracene 152 

228 Chrysene 122 

252 Benzo[b]fluoranthene 122 

252 Benzo IK] fluoranthene [ 121 

252 Benzole]pyrene 

252 Benzo'a]pyrene 

252 Perylene 

276 Indeno[1,2,3 CD]pyrene 

278 Dibenz[a,hlanthracene 

276 Benzotq,h,ilperylene 

111 

122 

37 

72 

26 

68 

I 

I 

9626738 



UNIVEKSITY HYGIENIC LABORATORY 

Q m/e Coinpoand 

117 2,3-dihydrolndene 

115 Indene 

128 Naphthalene 

134 Benzo[b]thiophene 

129 Quinoline 

142 2-methylnaphthalene 

ug/L Lab « 2-2783 /4 160 

OW 23 

0 

F. FS 

0-5-82 

14 

21 

72 

13 

<5 

40 

-r-
t I 

. ̂  
I 
I 

117 Indole <1* 

142 l-methylnaphthalene 42 

154 1,1'biphenyl 19 

152 Acenaphthylene 22 

154 Acenaphthene 

'66 Pluorene 

178 Phenanthrene 

31 

36 

85 

178 Anthracene 

179 Acridine 

179 Phenanthridine 

16 

<1* 

167 Carbazole 

202 Fluoranthene 

202 Pyrene 

228 Benz[a]anthracene 

228 Chrysene 

252 Benzolb]fluoranthene 

12 

40 

26 

16 

12 

11 

252 BenzoIklfluoranthene 

252 Benzo[e]pyrene 

252 Benzo[a]pyrene 12 

252 Perylene 

276 Indenot1,2,3 CD]pyrene 

278 o.>benz [a, h ] anthracene 

feeiizo [ q, h, i 1 perylene 

..uiH'.ound present* but below juantlTation limits 

1--

9626Tr9 



UNIVEKSI'I'Y HY<ilENl<: bAt)( JKATUKy 

Sample 

2-277b 

2-2777 

2-2779 

2-27B0 

2-2781 

2-2783 

SOL BLK 

2-Fluorondi>hthc»lene 

% recovery 

58 

56 

59 

72 

37 

64 

57 

D^2 Chrysene 

% recovery 

149 

103 

115 

73 

45 

101 

129 

X 

S. DBV 

57.6 

10.6 

102.1 

34.6 

9626740 



• '•» INTEROTFICE CORRESPONDENCE 

REILLY TAR & CHEMICAL CORPORATION 

ST. LOUIS PARK TRIAL PREPARATION DOCUMENT 

Mr. C. F. Lesher - Main Office OFFICE: Laboratory 

William Roder DATE. September 2, 1982 

SUBJECT SLP - WELL 23 cc: Dr. T. D. Bailey - Lab 
Mr. R. Polack - MO 
Dr. P. Rivers 

The analysis of the tarry strappings from the bailer and drill bit used in the 
exploration of W-23 gave the following results: 

TO 

FROM. 

Sample taken on June 29, 1982 
Depth 630-645 ft. 

Tarry Scrapping 

Elemental Analysis 

CHgCl- Extract 
of Tar Strappings 

74°C S.P. pitch from 
distillation of CH2CI2 Extract 

% c 47.76% 88.35% 87.09% 
% H 4.45 5.98 5.26 
% N 0.36 0.48 0.66 
% S 5.30 1.42 1.63 
% 0 20.94 2.27 2.35 
Atomic C/H 0.893 1.230 1.380 
Atomic H/C 1.119 0.813 " 0.725 
IR Index - 0.912 0.720 
fa - 0.897 

Solvent Fractionation of the Tarry Strappings 

Normal heptane Insoluble 
CH-CU Insoluble 
CDCl2 Insoluble 
Xylene Insoluble 
Quinoline Insoluble 
Ash 

NHI - XI = 51.60% - 37.90% 
XI - QI = 37.90% - 37.65 

51.60% 
48.50 
38.87 
37.90 
37.65 
33.50 

13.7% 
0.25% 

1st drop 
O-UO'C 

170-210 
210-235 
235-270 
270-282 
Lig Residue 
Char Residue 

98''C 

Distillation of the Tarry Strappings 

IR Index 

3.03% oil 12.66% 
1.95 
2.06 
6.39 
4.76 
3.35 

60.93 

H2O 

95.3% 
off gasing occurred from 98 to 260''C 

1.234 
1.161 
1.005 
1.048 
1.039 
0.569 

- Decomposition Loss 4.87%. 

fa 

0.780 
0.832 
0.831 
0.809 
0.791 

1063G1 



OttOlAJ.p 

INTCB tirrict CORRESPONOCNCE 

REILLY TAR & CHEMICAL CORPORATION 

ST. LOUIS PARK TRIAL PREPARATION DOCUMENT 
Mr. C. F. Lesher 
Page 2 
September 2, 1982 - SLP - WELL 23 

G. C. analysis of the distillate fractions are tabulated in Table I attached. 

Distillation of the CH2CI2 Extractables 

IR Index fa 
0-170° 1.56 3.42 0.897 

170-210 0.42 3.54 0.782 
210-235 1.15 1.55 0.807 
235-270 7.19 1.58 0.810 
270-315 7.40 1.21 0.830 
315-355 16.35 1.14 0.852 
Residue 61.46 0.720 0.878 
S.P. of Residue (R & B) = 
Vapor Loss decomposition = 4.47% 

G. C. Analysis of the CH2CI extractables, plus the distillate fractions of the 
CH2CI2 extractables are tabulated in table II. 

Very truly yours, 

iJ/Vf 
Wm. Roder 

WR/jr 
attchmt. 

•'>JG3G2 



ST. LOUIS PARK TRIAL PREPARATION DOCUMENT 
G. C. Analysis of Distillate tion 

Table I 

Indane 
Naphthalene 
Methyl Naphthalene 
lime thy L-Naphtha 1 ene 
Acenaphthene 
fluorene 
Phenanthrene & Anthracene 
fluoranthene 
pyrene 
Chrysene 

wt. of fraction g 
Indane 
Naphthalene 
nethyl naphthalene 
dimethyl naphthalene 
icehaphthane 
fluorene 
phenanthrene 
anthracene 
:arbazole 
fluoranthene 
pyrene 
Chrysene 

.C 

£0 o 
CO 



ST. LOUIS PARK TRIAL PREPARATION DOCUMENT 
C. Analysis of the CH2CI2 Ext .ables 

Table II 

-4-

12' W-98 

CHoClo Extract SO-UO^C 170-210 210-235 235-270 270-315 315-355 Residue Total 
11 11 

1.56g 0.42g 1.15 7.19 7.40 16.35 61.46 
% grams % grams % grams % grams % grams % grams % grams 

<•01% 1.7 0.03 1.5 0.01 1.40 0.02 0.14 0.01 .01 - 0.07 
2.45 18.64 0.29 16.86 0.07 19.16 0.22 15.57 1.12 3.28 0.24 0.21 0.03 1.97 
4.48 14.55 0.23 22.43 0.09 19.22 0.22 25.15 1.81 12.47 0.92 1.53 0.25 3.52 
3.37 10.85 0.17 6.45 0.03 4.17 0.05 7.91 0.57 10.83 0.80 4.84 0.79 2.41 
3.23 8.68 0.14 9.01 0.04 3.65 0.04 6.68 0.48 9.68 0.72 4.64 0.75 2.18 
4.79 3.62 0.06 2.46 0.01 1.96 0.02 3.79 0.27 11.12 0.82 5.44 0.89 2.07 

14.68 2.46 0.04 2.50 0.01 3.57 0.04 5.61 0.40 10.90 0.81 26.40 4.30 6.74 4.14 9.74 
8.43 0.26 0.01 0.67 0.01 0.85 0.01 0.70 0.05 2.25 0.17 6.13 1.0 13.08 8.03 9.28 
7.86 0.18 0.01 0.70 0.01 0.57 0.01 0.54 0.05 1.98 0.15 5.57 0.91 12.18 7.48 8.61 
6.21 - 0.38 0.03 1.74 0.28 12.47 7.66 7.97 

1.5% BMBT Liquid Crystal 

_ 3.81 0.28 3.24 0.53 0.81 
1.04 0.77 0.01 1.74 0.13 3.43 0.25 2.88 0.47 0.86 
6.57 NOT ANALYZED DUE TO 2.44 0.03 5.02 0.36 9.43 0.70 18.90 3.09 1.52 0.93 5.11 
1.42 LACK OF SUFFICIENT 0.51 0.01 1.22 0.09 1.68 0.12 5.09 0.83 0.45 0.28 1.33 

SAMPLE 
3.93 0.28 - 1.08 0.08 1.85 0.14 5.24 0.86 3.53 2.17 3.25 
3.95 0.05 - 0.69 0.05 1.19 0.09 3.88 0.63 3.61 2.22 2.99 
1.66 0.04 - 0.02 - 0.04 - 0.67 0.11 2.15 1.32 1.43 

wt. of fraction g. 

Indane 
Naphthalene 
Methyl naphthalene 
Dimethyl naphthaler 
Acenapththene 
fluorene 
phenanthrene & 

anthracene 
fluoranthene 
pyrene 
Chrysene 

Acenaphthene 
Fluorene 
phenanthrene 
anthracene 
carbazole 
Fluoranthene 
pyrene 
Chrysene 

ss 
CO 

f 



MONSANTO RESEARCH CORPORATION 
AUG 1 9 1382 

Inter -Office Correspondence 

yK 

LOCATION :B. M. Hughes, Dayton Laboratory 
(513) 268-3411 (Ext. 436, 409, 209) 

DATE 

17 August 1982 

suojccT 'Analysis Request Forms Received - 215.45718 

pcriRENct : U.S.A. V. Reilly Tar & Chemical Corporation 

TO I Edward J. Schwartzbauer 
Dorsey, Windhorst, Hannaford, Whitney, & Hallada; 
2200 First Bank Place East 
Minneapolis, Minnesota 55402 

ec I William Gregg/ERT 
Jerry R. Rick/SEC 
J. J. Brooks/MRC 
P. M. Rivers/RTCC 

7/3) 1? 
my 

Enclosed are copies of analytical request forms which have been 
submitted for the analysis of samples received in conjunction 
with the project referenced above. MRC has assigned a unique 
log number for each set of samples and has outlined the re
quested analyses on, the enclosed analytical request forms. If 
any incorrect information is included on the enclosed forms, 
please notify me immediately. 

B. M. Hughes 

Note: Three sludge samples and 2 water samples have been re
ceived broken. The three sludge samples were of such 
a consistency that they were transferred to alternate 
sample bottles. However, the tV'/o water samples were 
lost due to breakage. Breakage will be minimized if 
MRC's shipping kits are used, or the bottles are in
dividually wrapp^^d with bubble pack. 

at f8< ill 
fIC-IO 



• ^ 

AfiAT.VS-IS REQUEST ""T / 
ONSANTO RESEARCH CORPORATION 

DAYTON LABORATORY 

1 
LOG NO. 3-OS 

REQUESTER" , 

iAMPLE DESCRIPTION NUMBER OF BOniES: ' | 

CHARGE NO." 

NUMBER OF SAMPLES •• I 

!je.'\l\y TAIL 

i/uh'^o 
Wvs fefk 

\ie^ 

CtrBlrk cC "O 

RECORDED BY: CX . 

REPORT RESULTS TO* 

FILES/KULIK 

ANALYSIS REQUEST TO 
FILES 

6rooil5 
Gricfle^ 

SAMPLES FOR: 

^rOvlc< 

SAMPLE LOCATION 

l-^l , 
FC^{L7.^t 

REQUIRED ANALYSIS'-

Gc/\'^S l4oW A^'slysl? 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL,ETC.) 

COMPLETION DATE 

ANALYTICAL TECHNIQUE " 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLET 

•VISIBLE 

• INFRARED 

• EMISSION 

• EDAXXRF 

• MICROSCOPY 

• OTHER 

OUAL SEMIOUANT.. 

• NMR ; 

• HPLC 

. • XRD 

• ICP 

.• ATOMIC ABSORPTION 

• MASS SPEC 

• GC/MS 

• AUTO ANALYZER 

J OUANT 

TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

7?. f-JujiAfl.o 

HOLD FOR (Zl 30 DAYS CZw DAYS ticUi _OTHi "SAMPLE DISPOSAL: 
ARER REPORT COMPLETE DISCARD • RETURN 



A 

SAMPLE TRANSMITTAL LETTER 

Client R^\1-UN/ ^cAf^A, C t\P/w Project Title ^ 
Date Snipped ^Shipped by SovV ? V <? )c^i"w'f' ly Ccy,^. , O^CT-^ J 

Shipped Frcni SaO'-A cg-o>you-cg' A-OC ST. (PAdZ. . >t^/o cr/zc/ 

Shipped To IVLV^C./-,. , M Attention of cv 
Additional Shipping Information or Comments z:<^-t? , 

1 V wwww u.^ . 

0-^\A.UV/ T/^ 

Z'JS>7 d^/VC./c Aa j-o TfS<2.<^V (2.vi-o<My t-\0.0\0 

'5>CiVw'e (P1EC<?J. ^H-At-c . 
f i 

'7^0 @ "7 So 

• 

• 

. 

1 

— 

Samples Received by Oit^OA^ pl» S£"3 'l\n"V3.<:vi". 

Date Samples Received JMI )0 * 30 

Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
CfilhP.Plh 

4iI3<n:i 



vNAty-SlS. REQUEST DATE / , 
•' iiJL 

)NSAI^TO RESEARCH CORPORATION 
DAYTON LABORATORY 

REQUESTER" 

UMi TA?-
CHARGE NO." 

'X\SM51\'Z 
\I\APLE DESCRIPTION NUMBER OF BOTTIIS: \ 

7-13-14:75-

NUMBER OF SAMPLES •• | 

J)e^ ^01 

• Oi/J ^ L9UK^ P/V&K Ai/^-

•Xr^u<d. s-aK(\t or^y^-^ l3\a 4® >,a4^w- W4Ue.. 
Or'\^miiA ji> Qr\Al&j 

RECORDED BY; ^ ^4^^, 

REPORT RESULTS TO" 

FILES/KULIK 

(br\AH>{ 
trcois 

ANALYSIS REQUEST TO.-
FILES 

Gr'icllcy 
fircoRs 

SAMPLES FOR; 

iroOU 
SAMPLE LOCATION 

peeezEC. 
REQUIRED ANALYSIS" 

(3,(y'(Y\S l4oU 

mm HEALTH HAZARD PRESENTED BY SAMPLE; •• 

REFERENCE TO PREVIOUS WORK (REQUEST#. JOURNAL.ETC.) 

COMPLETION DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLET 

• VISIBLE 

• INFRARED 

• EMISSION 

• EDAXXRF 

• MICROSCOPY 

• OTHER 

QUAL SEMI OU ANT. 

• NMR 

• HPLC 

• XRD 

• ICP 

• ATOMIC ABSORPTION 

• MASS SPEC 

• GC/MS 

• AUTO ANALYZER 

OUANT _• 

TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

[eST 

REQUIRED QA/QC 

WM l4ugi< 

ws. "SAMPLE DISPOSAL: 
ARER REPORT COMPIETE • DISCARD • RETURN HOLD FOR LJ 30 DAYS • 60 DAYS OTH 

r^'-<Mir<rT nnTrTKIATfX) 



?). fT\. Hv/qhe.' 
D. E. 

To B.l^. HugKes, 
CoWcevWiv^ r/l^-yvxo Rfc<j»;e5+e<^' 

TW S'aiYx^le u;W\oVv MOU Kavc 3^ a-liaoiT 
o-f \s : Job; ^!\L DeM^=5l4 

*• Q-II-IO?.! ^ 
/-ot^t-oi^; Duj -';!,3 
T^jipe ' Core -frovv\ U-'d) 
D-a-ie s &-ll-<62, 

TV\5 IS "Hie 53.vi^p)e loVwc/b voo Toov^ -(4ie bo"Hle 
VroCs/"^ -aCie^ wwses^iriQ "T VVs V,Bfl, TKe 
6-arVvN^\e W \)e,eA^ -Vraws-f^reA 'Vf gv^obbt*" bio"Hrle, 

OrVivN^\^ \-i}st\ \A>-^-i {s^eA QYAO \\. 
n\l jwior (Le\\\v| V3Y- Vc^t \ii<M\ -Va-V-e:.^ oJt 

©"f •\\idf Qyi \|oov vto^QjbX g/l/^(^ ci^e^e/dl -for 
lo<'daV"^e. - v\0V\t oVCew- WU% -^Iuv>cil Wk-e^. C-3^eAs 
(yv\ crV^^ *V^V^>VA •^ovv^ 'S^Ji 
"V^itfi. ^ \3o;b^les OoVeTt rieejje.j^ (^poi" 

V\fase W ©^^•eTo( w\Hi •bbe Sd^n\(L wVicV 
^w^'3 -(DOVN^, VoV-Op, •Jwv^. •'VT>v\s-(lvr<(5 -35 Hie^ 

"(^a^wie/A,"V5 i\a S'a-mA^W "Crovvi bfe-uCsae 

CXl - ̂ aZ- ^ I 

<tn80is 



SAMPLE TRANSMITTAL LETTER 

Client _Project Title aeVL*-V V/\\Z.V CHic,-, -jT. Lgo, 

Date Shipped Shipped by (^^s. C s.oi| <v>^ 

Shipped From s<(,7(cfv.AV.-<^ C.^K^^.II /<ur sr >^^0^ 

Shipped To yvnoK^v.-A^ <rcco. /sw A>-V^A » Attention of "^(JE 

Additional Shipping Information or Comments 
/j/Vrrc o •"'c' 

^ Pec-^g.o 
V jz 

"A A>r(l^(2^v C^A-Tic Jt V <1' Q 0 1 a 

O T v-s ' P\p<:res o'v= 

• 

m 

» 

—-

Samples Received by _ C&.(x/vN •S>a>\ '\^MX - \)ft.\-<Lv^ 

Date Samples Received ^ 

^Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 

a(i8<5i(; 



ANALYSIS REQUEST 21^- 0>.5" 
ONSANTO RESEARCH CORPORATION 

DAVTON LABORATORY 
REQUESTER" / 

•PLE DESCRIPTION NUMBER OF BOHLES 

CHARGE NO." 

AlE±H^in 
• 1 NUMBER OF SAMPLES I 

n/^ I 
l^^^I 

cy^^^r< .f &r-'ileY 

RECORDED BY: ft, H^-V? 

REPORT RESULTS TO" 

FIlfS/KULIK 

QprM-iY • » 
ANALYSIS REQUEST TC 
FILES 

! 

SAMPLES FOR: 

SAMPLE LOCATION 

UlWg. 
REQUIRED ANALYSIS^ 

oo/rns - /wiysis 
KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL.ETC.) 

COMPLETION DATE 

ANALYTICAL TECHNIQUE •• 

• GAS CHROMATXRAPHY 

•ULTRAVIOLET 

• VISIBLE 

• INFRARED 

• EMISSION 

• EDAX XRF 

•MICROSCOPY 

• OTHER : ^ 

QUAL SEAT I QUANT.. 

• NMR 

• HPLC 

• XRD 

• ICP 

• ATOMIC ABSORPTION 

• MASS SPEC , 

• GC/MS 

• AUTO ANALYZER 

QUANT 

TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

"7ITTST7r7 
•SAMPLE DISPOSAL: 

AFTER REPORT CO.MPIETE • DISCARD D RERJRN HOLD FOR DsO DAYS • 60 DAYS 7m OTV 

ryi-r^,trrr rinrrrstAion 



SAMPLE TRANSMITTAL LETTER 

Client ( g-\:^ui-'v T/V^ 
Date Shipped 

_Project Title )J.L V -rAfl ^PAUK ^ ^) 

_Shipped by Q-cvs^ oUtvAo.^ • ^o>i_ \?KQuzja-i^y^"^ cei 

Shipped From tvl9^<r.T^A'^<wo r'fcwv^-eO • ^T-fPAm, /-t^o rr/x$^ 

Shipped To Vw.x>^AhATa Attention of "SPg 

Additional Shipping Information or Comments ( V\.>o sccf ^tLg:g^-g^ 

/P.'do CsPAV/VV^' UA^T/:y^•/ S^OPy ^cnoi'^ 

7"AA OvicQ^t Cv^-S -C//.A^ 

Ci>-> -TOi? 5/WO /^/oD A iP/C^A 

( ^aWl-'ep- '5A|V>VP1-^N (5^ "s 
v -

«» 

-

. 

• 

» 

r ^...•* 

Samples Received by _ CIO.... '^hr^J 
Date Samples Received H j3^*?| ̂  . 

Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 4(}8^il8 



r* . •- Jt 

ANALYSIS REQUEST 
DATE ^ 

\ONSANTO RESEARCH CORPORATION 
DAYTON LABORATORY 

LOG NO. 
A/J'- 07-S0''0/ 

RtQUESTER* 

^etLCr l/^fC 
CHARGE NO." 

£. 

iAMPLE DESCRIPTION NUMBER OF BOHLES.- 3 NUMBER OF SAMPLES •• p 

jyivv^a^ 

lUjLy 

CKfZkJ^-^, 

^ C-^S7z>oy UrrR:v^ -to (^/2//PCt^/ 

RECORDED BY: 

REPORT RESULTS TO* 

FILES/KULIK 

c^/2^0LeY 

ANALYSIS REQUEST T( 
FILES 

/^a^S 

SAMPLES FOR: 

SAMPLE LOCATION 

'•-J'-f 
REQUIRED ANALYSIS' 

(JC-/IA ^ ^ 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •" 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL,ETC.) «« 

COMPLETION DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLET 

• VISIBLE 

• --^irRARED 

• EMISSION 

• EDAXXRF 

•MICROSCOPY 

• OTHER 

QUA! SEMI QUANT. 

• NMR V 

d HPLC 

' • XRD 

• ICP 

• ATOMIC ABSORPTION 

• MASS SPEC . 

• GC/MS 

• AUTO ANALYZER 

QUANT 

.. TIME ALLOTED FOR ANALYSES 

ANALYST, HOURS INST. TIME 

REQUIRED QA/QC 

gji 

aatnuji 
••SAMPlf DISPOSAL: 
AfTFR REPORT COMPLETE • DISCARD • R RETURN HOLD FOR D 30 DAYS • 60 DAYS OTH 



SAMPLE TRANSMITTAL LETTER 

Client tvvQvj's.AU^ , Q-^^V TAS. Project Title OL..3;»:S. ^T-t-OAS OiMLKJ^^ia 
Shipped by Q-ce. s "^.<7.C. Date Shipped 

Shipped From ^^lU, Cc>- (cCoX AvfE ^rCPA-tiTL. 
Shipped To NCl^T CL^dy:-^ . Attention of Jog feggsejc^ 

Additional Shipping Information or Comments p £S;I^ 

Sample Description Code 

-7/7S/2 • ^ 

QQMM^A/Tn5>; 

91. 3V '2L<v^-<> /^A) ^/^Tzfi-y — sgxpv/j i^/Cio/si 

CL -S>/^7VT !^WIP7 p/^ "TxP. 

'7/?9/^'OO 
C^LO '91> P.^yvrg^y soo9y /L//Onio 

^ 3>^9^<p^g. gsaaa^ 

/> 

SlLyliyuU^ GT^ f-'Z<,jJt~' 

Samples Received by 

Date Samples Received /' 

'Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 



ANALYSIS-REQUEST -1U 0:> 
3NSANT0 RESEARCH CORPORATION 

DAYTON LABORATORY 

LOG LJO. 

REQUESTER" / 

{2.e.\llw TM /Grille 
V.1PLE DESCRIPTION NUMBER OF BOTTLES: ' 

CHARGE NO." 

X\S,'^S71S 
NUMBER Of SAMaES •• y NUMBER Of SAMaES •• y 

0%/os/o<^'Z5 -
OVoj/oqaS - 100 , 
OS/(!)r/\H'30 - 00^ 
0?^^p/0"^•23 - 152^ 

Ol/OU /T t\\€5t W rcc/e'ivcerl -?3r»ple? > 
0?/0T/oi'OO > g|,f3T;DvvVy WJi u,K4 Kwt^ 
O^/OT/IO'OO -< VA-gv'j ,wtA itt e-it/. 

Mel's' 
OrM',Ka;( CA>sMy ED BY: 

REPORT RESULTS TO" 

FILES/KULIK 

ANALYSIS REQUEST TO 
FILES 

/ 

SAMPLES FOR: 

SAMPLE LOCATION 

b 3 
REQUIRED ANALYSIS «0 

GC^/fh 5 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL,ETC.) 

COMPLETION DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLET 

• VISIBLE 

• INFRARED 

• EMISSION 

• EDAXXRF 

• MICROSCOPY 

• OTHER ^—. 

QUAL SEMI QUANT., 

• NMR 

• HPLC 

• XRD 

• ICP 

• ATOMIC ABSORPTION 

• MASS SPEC 

• GC/MS 

• AUTO ANALYZER 

_ QUANT ' 

: TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST, TIME 

• 

REQUIRED QA/QC 

4(181 I 
"SAMPLE DISPOSAL-
AFTER REPORT COMPLETE D DISCARD RETURN HOLD FOR • 30 DAYS • 60 DAYS l^/d- OT) 

TOO 



SAMPLE TRANSMITTAL LETTER 

m *n^ft 'rCLi'&U* ^ ^ S 
Client U^NLuy '^dtvevA ^Project Title rsb'V U?J\S PA^^K^MIU (QU^ P:>l 

Date Shipped Wfolga ^Shipped by C^Ahm^to^ ^oi&. j^vei. tra. 

Shipped From'^osV ?yg\ocar^oso CoC^^ At^e ST pAou ^hj 

Shipped To bAb\>SAfr3^ gjg,S'g;A(»-ct^ ex>g-Pn'^AT7<N>' Attention of 

Additional Shipping Information or Comments PAc{<ii^b c*jrr^}. t4^ 

Sample Description Code 

ovly? /oq.vc AT btSCAVAfiOC 

CC>o>vi^ (» /GO*^ 

6Rla^/o9.'^1! 
/vprecuOl^r/S^/^feSr 

&ePO(g-E (j^KStoQ & ^(Stj*) 

oa OS /</!7.c> AT (£ OfCo^Vi 

OS- o(s> O?-:P3 
3AA4P4,g, rAw»^ /vr Q 
A Lf,C3.l P " (0H^?.'3Co ^ /O^A^ S/^<^r ^*^73 gfe 

;g/oc>/ /?0Q 5/rMpt^ TAM^AJ AT ^Ot^<P stc/^^' 

oB o *7 (DSL:OO •/ / rA>gA> (g W ^ 

07 /0.'<?o V. ' 
rA^BfJ AT ^/v<(P (9 > 

Samples Received by _ QSLi^ Ip^ r efnA 'yVihcjr ) 
Date Samples Received /S(3^ 1UOQ 

Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0510821h 



GC/MS ANALYSIS OF POLYNUCLEAR AROMATIC 
HYDROCARBONS IN MUNICIPAL WATER 

WELLS FOR THE 
CITY OF ST. LOUIS PARK 

Prepared by: 

CAPSULE LABORATORIES 
605 West County Rd E. 
Shoreview, Minnesota 55112 

Date Submitted: 

August 12, 1982 

' I 
May Sampling 



TECHNICAL DATA 

Report of Analyses to; 
Date Report Typed: 
Date Samples Submitted: 

City of St. Louis Park 
August 12, 1982 
June 4, 1982 

PRIORITY POLLUTANT ANALYSIS (PNA's) ̂  

Well 7 Well 11 Well 12 Well 3 Well 4 
Capsule # Capsule # Capsule # Capsule # Capsule # 
13734.6 13734.7 13734.8 13734.9 13734.10 

Test 

Acenaphthene ND ND ND ND 20 
Acenaphthylene ND ND ND ND ND 
Anthracene 9.5 ND 11 ND ND 
Benzo(a)anthracene ND ND ND ND ND 
Benzo(b)fluoranthene ND ND ND ND ND 
Benzo(k)fluoranthene ND ND ND ND ND 
Benzo(a)pyrene ND ND ND ND ND 
Benzo(g,h,i)perylene ND ND ND ND ND 
Chrysene ND ND ND ND ND 
Dibenzo(a,h)anthracene ND ND ND ND ND 
Fluoranthene ND ND ND ND ND 
Fluorene ND ND ND ND ND 

sno(1,2,3-cd)pyrene . ND ND ND ND ND 
^jthalene ND 33 18 9.3 ND 

Phenanthrene ND ND ND ND 68 
Pyrene ND ND • ND ND iro 

^ Concentration expressed in parts-per-trillion (ng/1) 

ND = Signal not observed or does not meet criteria for quantitation. 

CAPSULE L-AiaaRATORieS 



TECHNICAL DAIA 

Report of Analyses to; 
Date Report Typed: 
Date Samples Submitted: 

City of St. Louis Park 
August 12, 1982 
June 4, 1982 

PRIORITY POLLUTANT ANALYSIS (PNA's) 

Well 6 Well 8 Well 13 Well 14 Well 16 
Capsule # Capsule # Capsule # Capsule # Capsule 
13734-1 13734-2 13734.3 13734.4 13734.5 

Test 

Acenaphthene ND ND ND ND ND 
Acenaphthylene ND . ND ND ND ND 
Anthracene ND ND 80 54 ND 
Benzo (a)anthracene ND ND ND ND ND 
Benzo(b)fluoranthene ND ND ND ND ND 
Benzo(kjfluoranthene ND ND ND ND ND 
Benzo(a)pyrene ND ND ND ND ND 
Benzo(g,h,i)perylene ND ND ND ND ND 
Chrysene ND ND ND ND ND 
Dibenzo(a,h)anthracene ND ND ND ND ND 
Fluoranthene ND ND ND ND ND 
Fluorene ND ND ND ND ND 

"eno(1,2,3-cd)pyrene ND ND ND . ND ND 
^thalene ND ND ND ND ND 

Phenanthrene ND ND ND ND ND 
Pyrene ND ND ND ND ND 

Concentration expressed in parts-per-trillion (ng/1) 

ND = Signal not observed or does not meet criteria for quantitation. 

CAPSULE LABaRATORieS 



TECHNICAL DAIA 
Report of Analyses to: 
Date Report Typed: 
Date Samples Submitted: 

City of St. Louis Park 
August 12, 1982 
June 4, 1982 

PRIORITY POLLUTANT ANALYSIS (PNA's) 

% Recoveries of Deuterated Spikes 

Well 7 
Capsule # 
13734.6 

Well 11 
Capsule # 
13734.7 

Well 12 
Capsule # 
13734.8 

Well 3 
Capsule 
13734.9 

Well 4 
Capsule # 
13734.10 

Test 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo{a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
D Chrysene 200 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 

eno(1,2,3-cd)pyrene 
<aphthalene 2.0 

D^QPhenanthrene 6.2 
DioPyrene 18 
Spike Level Medium 

18 

3.0 
53 
37 
Low 

16 35 30 

0.74 
42 
83 

Medium 

0.74 
47 
48 
Low 

0.07 
50 
48 
High 

CAPSULB LASaRATDRieS 



TECHNICAL DATA 

Report of Analyses to; 
Date Report T^'ped: 
Date Samples submitted; 

City of St. Louis Park 
August 12, 1982 
June 4, 1982 

Test 

PRIORITY POLLUTANT ANALYSIS (PNA's) 

% Recoveries of Deuterated Spikes 

Well 6 
Capsule # 
13734.1 

Well 8 
Capsulie # 
13734.2 

Well 13 
Capsule 
13734.3 

Well 14 
Capsule # 
13734.4 

Well 16 
Capsule # 
13734.5 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo (a)pyrene 
Benzo(g,h,i)perylene 
D Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 

deno(1,2,3-cd)pyrene 
„gNaphthalene 
D^gPhenanthrene 
DioPy^ene 
Spxke Level 

72 110 47 21 58 

0.07 Oi33 2.6 0.74 3.0 
37 120 87 40 65 
5.9 .52 52 42 55 
High High Low Medixjm Low 

' I 

CAPSULE' LAeORATDRieS 



GC/MS ANALYSIS OF POLYNUCLEAR AROMATIC HYDROCARBONS 

Sampling Equipment 

Sampling resin beds used for organic enrichment are connected to a water source 
by an all-teflon manifold. The teflon manifold is designed to collect samples 
in duplicate by splitting sample flow with, a tee to two resin beds. The inlet 
of the manifold is compatible with a 1/8" NPT female fitting on the water 
source. Two teflon needle valves (one on each side of the tee) are used to 
control water flow through the resin beds. A differential pressure of at 
least 20 psig is necessary for adequate flow control. When particulate levels 
are high, a teflon prefilter is placed upstream of the resin beds to remove 
particulates. 

Sampling Procedure 

Before sampling, all manifold parts are cleaned with HPIX2-grade acetone and 
hexane. Preparation of the resin beds consists of flushing each with 4iO ml 
"TjC-grade methanol, then 10.0 ml HPLC-grade water. One of the beds is 

.ked with isotope compounds in the laboratory. The spike level should be 
similar in concentration to the non-isotopic compounds being analyzed. 

At the sampling site, the assembled teflon manifold and resin bed connections 
are leak-tested. The flow rate through each resin bed is adjusted using the 
flow valve and the sample flow volume maintained throughout sampling by 
periodic checks. The water after passing through each resin bed is collected 
in tared carboys. At the end of the sampling period, the water volume 
sampled is determined by weighing the carboy and water. At the completion of 
the sampling, the resin beds are wrapped in foil and kept refrigerated until 
analysis 

Resin Bed Elution 

Each resin bed used to collect and concentrate polynuclear aromatic compounds is 
eluted using acidified tetrahydrofuran (THE). The acidified THE is then passed 
hrough a micro-drying column to remove water. The dryed THE extract is collected 
n a 0.1 ml graduated vial. The micro-dirying colxann is rinsed several times with 

acidified THE. The extract is then solvent exchanged and filtered. The volvime of 
the extract is reduced under a gentle stream of nitrogen at room temperature. 
Finally, the concentrated extract is spiked with an isotope internal standard 
(Dj^^anthracene) . 

GC/MS Analysis 

The extracts are stored in suitable vials until ready for analysis. A 1 yl 
aliquot is injected on the column in a splitless injection mode. Single ion 
monitoring data is continuously acquired and the data stored for later workup. 
Instrumental parameters are described in Table I. 

Data Reduction - Quantitation 

The single ion chromatograms are plotted for the characteristic ioh of each 
p'olynuclear aromatic being analyzed. Areas are then obtained for any peak 
yith a retention time falling within a one minute window relative to the 



GC/MS Analysis of PolynucJ.ear Aromatic Hydrocarbons 
Page Two 

standard run. Confirmation of identity is based on presence of the EPA 
selected ions (see Table II) for the individual compound, and all ions must 
maximize v/ithin one scan of each other. Futhermore, the ions must meet 
spectral integrity criteria for relative ratios (±20%). The areas under 
each characteristic ion are used to determine the extract concentration. 
The areas are compared to the internal standard intensity based oh the 
following formula. 

. (Area ,) (Conc_„) 
Concentration^^j^ = unk IS 

(Area^g) (Dilution) 

where: unk = priority pollutant being quantitated 
IS = internal standard D^Q anthracene 
R.F.= response factor for the particular compound 

•icovery Determinations 

Each sample to be extracted is spiked with a surrogate standard (a deuterated 
analog). These materials are carried through the work-up procedure and 
quantitated along with the normal pollutants. The intensity of these spikes 
when compared to the area for Dio anthracene added to the final extract 
allows a percent recovery to be determined for each extraction. 

Concentration of Spike Observed 
Percent Recovery = ^^^^— x ICQ 

Concentration of Spike Added to Sample 

Matrix Spikes 

In addition, a matrix spike is analyzed with each set of samples. The material 
being extracted is spiked with a mixture of polyaromatic hydrocarbons appro-
riate for the fractions being analyzed. The recoveries of compounds in the 
/iking mix will provide information about the matrix effect of the sample 

on the analytical methodology. Individual component recoveries of the matrix 
spike are calculated as follows: 

T, X. „ SSR - SR Percent Recovery = — x 100 
SA 

Where: SSR = Spike sample results (yg/g) 
SR = Sample results (yg/g) 
SA = Spike added (yg/g) from spiking mix 

Duplicate Samples 

Duplicate analyses are performed every 20 samples pr one for each project, 
whichever is more frequent. 



GC/MS Analysis of Polynuclear Aromatic Hydrocarbons 
Page Three 

Percent Difference =^^1*^2 

Where: = First sample value 
= Second sample value (duplicate) 

Detection Limits^ 

The method detection limit is defined as the minimum concentration of a sub
stance that can be identified, measured and reported with 99% confidence that 
the analyte concentration is greater than zero and is determined from replicate 
analysis of a sample of a given matrix containing analyte^. 

MDL = t (N-1, l-«= .99) X Sc 

Where: t (N-1, 1-= =.99) is students t value for one-tailed 
test at the 99% confidence level with N-1 degree of freedom. 
Sc is the standard deviation of replicate analyses. 

The method detection limit refers to samples processed through all steps com
prising an established analytical procedure. 

^Glaser, J.A., et al, "Trace Analyses for Wastewater," Environ. Sci. Tech., 
1426(1981). 

2 "Definition and Procedure for the Determination of the Method Detection Limit," 
Rev.1.12 45 EPA, Environmental Monitoring and Support Lab., Cincinnati, Jan. 
1981. 

The detection limit for each PNA is four parts-per-trillion in the well water. . 



TABLE I 

INSTRUMENT PARAMETERS 

Polynuclear Aromatics Analysis 

Gas Chromatograph 

Hewlett Packard 5840 with HP7671A Autosampler 
Column 30m x 0.24inm DB-5 Fused Silicon Capillary (J & W) 
Column directly coupled to MS • 

Injection 

Mode: Splitless 
Sweep Initiation 0 0.5 minutes 
Sweep Flow: 40ml/min. Helium 
Carrier Flow: Icm/sec. linear velocity 

Temperatures 

Injector: 300°C 
Temp. 1: 40®C for 3 minutes 
Ramp: 10°C/minute 
Temp. 2: 280"»C for 20 minutes 
Interface Temp: 300°C 
Injection Volume: 2 pi 

Mass Spectrometer 

Hewlett Packard 5985B GCMS 
Electron Impact Mode: 70eV 
Delay: 11.5 minutes 
SIM MODE 
Dwell time: 100ms per ion 
Multiplier Voltage: 2000V 
Source Temp. 225®C 

Computer 

Hewlett Packard 21MX-E 
Disk Drives: HP7906 (20M byte) HP7920 (50M byte) 
Tape Drive: Kennedy 9300 9-track dual density 



• 
TABLE II 

.'•! 
f;;-!• 
I" •v>, 

I 

I Compound 

Naphthalene 

Acenaphthylene 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo(a)anthracene 

Chrysene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(1,2,3-c,d)pyrene 

Dlbenzo(a,h)anthracene 

Benzo(g,h,i)perylene 

Ion (abundances) 

Primary Confirming R.T. 

128(100) 127(12) 129(10) 12.8 

152(100) 151(21) 153(13) 16.7 

154(100) 153(118) 152(59) 17.2 

166(100) 165(98) 167(14) 18.5 

178(100) 176(20) 179(16) 20.8 

178(100) 176(22) 179(19) 21.0 

202(100) 101(19) 100(14) 23.8 

202(100) 101(21) 100(18) 24.3 

228(100) 226(25) 229(20) 27.3 

228(100) 229(19) 226(28) 27.5 

252(100) 253(23) 125(15) 30.6 

252(100) 253(22) 125(16) 30.9 

252(100) 253(24) 125(16) 32.0 

276(100) 138(31) 277(24) 37.8 

278(100) 139(25) 279(24) 38.2 

276(100) 138(34) 277(22) 39.7 

> 1 
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GCA 
GCA CORPORATION 
Technology Division 
:'i:( itiiiiiii[|i(iii Road 

Bedlord, Massachusetts Ot 730 
Fidriphnne-617-275-544'! 

92-3339 

6 August 1982 

Environmental Protection Agency 
401 M Street, S.W. 
Washington, DC 20460 

Attention: Julie Klaas 

Subject: Contract No. 68-01-6316, Technical Service Area 1, 
Assignment 24, Task A - E, (GCA 1-452-124) 

Gentlemen: 

In accordance with Paragraph VI, Reporting Requirements of the subject 
Assignment, enclosed herewith is one (1) copy of Monthly Progress Report 
Nos. 7,8,9,10,11 and 12 covering tiie period 1 rebniary Lhrougli 31 July 1982. 

Very truly yours. 

Arthur Engelman 
Manager, Contract Administration 

AE:eia 

Enclosure (1) 

cc: Mr. John R. Busik 
(w/1 copy) 

r. Mike Kosakowski 
(w/1 copy) 

BRANCH OFFICE: 500 Eastownn Orivo • Chap(>l Hill. NCP75M • (019)409-6550 
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ANALYSIS OF ENVIRONMENTAL SAMPLES FOR REGION V 

Monthly Progress Report Nos. 7,8,9,10,11,12, for the Period 

1 February through 31 July 1982 

Prepared for 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
DIVISION OF STATIONARY SOURCE ENFORCEMENT 

Washington, D.C. 20460 

Contract No. 68-01-6316 
Technical Service Area 1 

Assignment No. 24 

August 1982 

Kenneth T. McGreg^ 

GCA CORPORATION 
GCA/TECHNOLOGY DIVISION 
Bedford, Massachusetts 



SECTION 1 

PURPOSE OF TASK 

The purpose of this work assigiunent is to provide support services to EPA 
Region V for the analysis of environmental samples. These services will 
consist of analyses of water, soil, sludge, and oil-phase water samples for 
several organic and inorganic components. Specifically, the sauries will be 
analyzed for some or all of the following parameters: 

• Priority pollutants 

Volatile organics 

Extractable organics 

Pesticides/PCBs 

- Trace metals 

Cyanide and phenols 

• Nonpriority pollutants 

- PAH compounds 

Methyl ethyl ketone 

Hexavalent chromium 

Nonfilterable residue 

Total organic carbon 

Cation exchange capacity 

Conventional pollutants 

The five tasks included in this work assignment will be conducted in 
accordance with the analytical procedures and quality assurance/quality 
control protocols outlined in the Work Plans submitted for these tasks. 



SECTION 2 

PROGRESS DURING REPORTING PERIOD 

TASK A 

Photographs were taken of five 8aiq>Ie8 from the Fisher-Calo program. 

TASK B 

Analysis has been c(»ipleted and data transmitted on four municipal well 
water samples. 

TASK C 

The following sample preparation, analysis, and transmittal procedures 
were initiated and/or completed during this reporting period. 

e PAH analysis by HPLC-fluorescence of eleven water samples from the 
Mississippi River. 

• PAH analysis by HPLC-fluorescence of fifteen water samples from the 
MWCC. 

• PAli analysis by HPLC-fluorescence of four empty sample containers 
(field blanks). 

• Sample preparation was carried out on four sludge saiiq>les from MWCC 
for PAH analysis by GC/MS. 

Preliminary data are available, and included with this report, for 
nonfilterable residue from eleven water samples from the Mississippi River. 

TASKS D AND E 

To date, no work has been performed under these tasks. 



SECTION 3 

CURRENT PROBLEMS 

TASK C 

A delay occurred during the analysis of the water samples from the 
Mississippi River and MWCC. The delay was due to a malfunctioning integrator 
on the HPLC-fluorescence system. 



SECTION 4 

WORK TO BE PERFORMED DURING NEXT REPORTING PERIOD 

TASK C 

Results of analysis for PAHs on the four sludge samples from the MWCC 
will be submitted. 

TASKS D AND E 

No activity is planned during August. 

/ 

4 



NONFILTERABLE RESIDUE 

Project; 1-452-124C 

Sample Matrix: Water 

Analytical Method: Methods for Chemical Analysis of Water and Wastes 
EPA-600/4-79-020 

Sample I.D. CCA Control No. Residue (mg/I) 

UM-827 18830 <10 

UM-840 18831 <10 

UM-847 18832 < 10 

UM-859 18833 <10 

FORD DAM 18834 < 10 

FORD DAM 18942 <10 

GRAY CLOUD 18943 < 10 

UM-827 18944 < 10 

UM-840 18945 < 10 

UM-847 18946 < 10 

UM-859 18947 < 10 

An aliquot of EPA WP/080, concentrate 1, gave a recovery of 87 percent. 
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ADVANCED TECHNOLDGY DIVI5IDN 
A Division of Economics Laboratory, Inc. 
605 West County Road E, St. Paul. MN 55112, (612) 482-8855 

August 2, 1982 

Mr. Vern Tollefsrud 
City of St. Louis Park 
5005 Minnetonka Blvd. 
St. Louis Park, MN 55416 

-Dear Mr. Tollefsrud: 

Enclosed are the results of the analysis for polynuclear aromatic hydro
carbons in St. Louis Park Well #5 well water. Two separate 8 liter 
samples of well water collected July 13, 1982, and July 14, 1982, were 
analyzed. The analyses were conducted by single ion monitoring (SIM) 
GO/MS on extracts of the samples prepared using the EPA Method #610 
liquid-liquid technique. The samples were spiked with deuterated 
analogs for percent recovery determinations.. 

If you have any questions regarding these results, please feel free 
to contact us. 

Sincerely, 

CAPSULE LABORATORIES 

Wayne A. Olson 
Principal Chemist 

WAOrjjd 



TECHNICAL DAIA 

Report of Analyses to: City of Saint Louis Park 

PRIORITY POLLUTANT ANALYSIS (PNA'S) 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Benzo (g,h,i)petyler'e 

Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno(1,2,3-c,d)pyrene 

Naphthalene 

Phenanthrene 

Pyrene 

Sampled 7/13/82 
Capsule # 13931.01 
Well # 5 

12 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

20 

ND 

ND 

ND 

ND 

Sampled 7/14/82 
Capsule # 13931.02 
Well # 5 

42 

19 

ND 

ND 

ND .. 

ND 

ND 

ND 

ND 

ND . 

ND 

46 

ND 

ND 

ND 

ND 

(1) Concentration expressed as parts-per-trillion(ng/1) 

' t 

N.D. = Signal not observed or does not meet criteria for quantitation 

CAPSULE L-ABORATORieS 



TECHNICAL DAfA 
Report of Analyses to: City of Saint Louis Park 

PRIORITY POLLUTANT ANALYSIS (PNA'S) 

D^2®®'^20 (a)pyrene 

D^^Chrysene 

DgNaphthalene 

D^gPhenanthrene 

DioPyrene 

Deuterated Spike 
% Recovery 

pg 13931.01 
Spiked Well #5 

24 130% 

22 43% 

22 29% 

26 46% 

22 45% 

Deuterated Spike 
% Recovery 
13931.02 
Well# 5 

63% 

34% 

17% 

34% 

34% 

CAPSULE LABORATORIES 



TABLE II 

Ion (abundances) 

i.-

'X 

li 
•V 

•A 

I 
I'i-

Compound Primary Confirming R.T. 

Naphthalene 128(100) 127(13) .129(11) 12.8 

Acenaphthylene 152(100) 151(21) 153(13) 16.7 

Acenaphthene 154(100) 153(U0) 152 ( 54) 17.2 

Fluorene 166(100) 165(96) 167(13) 18.5 

Phenanthrene 178(100) 176(20) 179(16) 20.8 

Anthracene 178(100) 176(21) 179(18) 21.0 

Fluoranthene 202(100) 101(20) 100(14) 23.8 

Pyrene 202(100) 101 (23) 100(18) 24.3 

Benzo (a).anthracene 228(100) 226(24) 229(19) 27.3 

Chrysene 228(100) 229(19) 226(27) 27.5 

Benzo(b)fluoranthene 252(100) 253(23) 125(15) 30.6 

Benzo(k)fluoranthene 252(100) 253(22) 125(16) 30.9 

Benzo(a)pyrene 252(100) 253(24) 125(16) 32.0 

Indenb(1,2,3-c,d)pyrene 276(100) 138(31) 277(24) 37.8 

Dibenzo(a,h)anthracene 278(100) 139(25) 279(24) 38.2 

Benzo(g,h,i)perylene 276(100) 138(34) 277(22) 39.7 

' I 
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GC/MS Analysis of Polynuciear Aromatic Hydrocarbons 
Page Three 

Percent Difference = ^2 

Where; = First sample value 
= Second sample value (duplicate) 

Detection Limits^ 

The method detection limit is defined as the minimum concentration of a sub
stance that can be identified, measured and reported with 99% confidence that 
the analyte concentration is greater than zero and is determined from replicate 
analysis of a sample of a given matrix containing analyte?. 

MDL = t (N-1, l-«= .99) X Sc 

Where: t (N-1, !-« =.99) is students t value for one-tailed 
test at the 99% confidence level with N-1 degree of freedom. 
Sc is the standard deviation of replicate analyses. 

The method detection limit refers to samples processed through all steps com
prising an established analytical procedure. 

^Glaser, J.A., et al, "Trace Analyses for Wastewater," Environ. Sci. Tech., 
15, 1426(1981). 

2 
"Definition and Procedure for the Determination of the Method Detection Limit," 
Rev.1.12 45 EPA, Environmental Monitoring and Support Lab., Cincinnati, Jan. 
1981. 

The detection limit for each PNA is four parts-per-trlllion in the well water. 

• t 



TABLE I 

INSTRUMENT PARAMETERS 

Polynuclear Aromatlcs Analysis 

Gas Chromatograph 

Hewlett Packard 5840 with HP7671A Autosampler 
Column 30ra x 0.24mm DB-5 Fused Silicon Capillary (J & W) 
Coluim directly coupled to MS 

Injection 

Mode: Splitless 
Sweep Initiation @0.5 minutes 
Sweep Flow: 40ml/min. Helium 
Carrier Flow: Icm/sec. linear velocity 

Temperatures 

Injector: 300°C 
Temp. 1: 40''C for 3 minutes 
Ramp: 10®C/minute 
Temp. 2: 280°C for 20 minutes 
Interface Temp: 300''C 
Injection Volume: 2 yl 

Mass Spectrometer 

Hewlett Packard 5985B GCMS 
Electron Impact Mode: 70eV 
Delay: 11.5 minutes 
SIM MODE 
Dwell time: 100ms per ion 
Multiplier Voltage: 2000V 
Source Temp. 225°C 

Computer 

Hewlett Packard 21MX-E 
Disk Drives: HP7906 (20M byte) HP7920 (50M byte) 
Tape Drive: Kennedy 9300 9-track dual density 

' ( 



GC/MS ANALYSIS OF POLYNUCLEAR AROMATIC 
HYDROCARBONS IN MUNICIPAL WATER 

WELLS FOR THE 
CITY OF ST. LOUIS PARK 

Prepared by: 

CAPSULE LABORATORIES 
605 West County Rd E. 
Shoreview, Minnesota 55112 

Date Submitted: 

August 6, 1982 



"ECHNICAL DATA 

Report of Analyses to: City of St. Louis Park 
Date Samples Submitted: June 4, 1982 

PRIORITY POLLUTANT ANALYSIS (PNA's)' 

Well 3 Well 6 Well 8 Well 14 Well 16 
Capsule # Capsule # Capsule # Capsule # Capsule 
13889.01 13889.02 13889.03 13889.04 13889.0! 

Test 

aaphthene ND ND ND . ' ND ND 
aaphthylene ND ND ND ND ND 

Anthracene ND ND ND. 60 • ND 
Benio(a)anthracene ND ND ND ND ND 
Benzo(b)fluoranthene ND ND . ND . ND ND 
Benzo(k)fluoranthene ND ND . ND ND ' ND 
Benzo(a)pyrene ND ND ND , ND' ND 
Benzo(g,h,i)perylene ND ND ND ND ND 
Chrysene. ND ND ND ND ND 
Dibenzo(a,h)anthracene ND ND ND ,. ND ND 
Fluoranthene ND ND ND ; . ND ND 
Fluorene ND ND ND ND ND 
Indeno(1,2,3-cd)pyrene ND ND ND ND ND 
Naphthalene ND 5.3 ND ND 4.8 
Phenanthfene ND, ND ND 5.2 ND 
Pyrene ND ND ND 4.0 ND 

Concentration expressed in parts-per-trillion (ng/1). 

N.D. = Signal not observed or does not meet criteria for quantitation. 

' I 

CAPSULE CABORATORJES 



TECHNICAL DAIA 
Report of Analyses to; City of St. Louis Park 
Date Samples Submitted: June 4, 1982 

PRIORITY POLLUTANT ANALYSIS (PNA's) 

% Recoveries of Deuterated Spikes 

Well 3 
Capsule # 
13889.01 

Well 6 
Capsule # 
13889.02 

Well 8 
Capsule # 
13889.03 

Well 14 
Capsule # 
13889.04 

Well 16 
Capsule # 
13889.05 

Test 

:enaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
D Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-cd)pyrene 
DgNaphthalene 
DioPhenanthrene 
D^gPyrene 
"pike Level 

85 77 68 68 

0.6 
110 
63 
Low 

0.3 
50 
81 
High 

0.2 
50 
,48 
High 

0.1 
71 
76 
Medium 

47 

0.8 
68 
57 
Low 

CAPSULe L-AI3al=?ATORieS 
/ 



rECHNICAL DATA 
Report of Analyses to: City of St- Louis Park 
Date Samples Submitted: June 4, 1982 

PRIORITY POLLUTANT ANALYSIS (PNA'S) 

Level of Deuterated Spikes 

Low Medium High 
Spike (ng) Spike (ng) Spike (ng) 

Test 

-enaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo (g,h, i)pe3^ylene 
D - Chrysene 555 1110 5550 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(1,2,3-cd)pyrene 
D -Naphthalene 538 1077 5385 
D_-Phenathrene 643 1286 6430 
D^Q-Pyrene 542 . 1085 5425 

' ( 

CAPSULE l_A.BaRATaRieS 



GC/MS ANALYSIS OF POLYNUCLEAR AROMATIC HYDROCARBONS 

Sampling Equipment 

Sampling resin beds used for organic enrichment are connected to a water source 
by an all-teflon manifold. The teflon manifold is designed to collect samples 
in duplicate by splitting sample flow with a teia to two resin beds. The inlet 
of the manifold is compatible with a 1/8" NPT female fitting on the water 
source. Two teflon needle valves (one on each side of the tee) are used to 
control water flow through the resin beds. A differential pressure of at 
least 20 psig is necessary for adequate flow control. When particulate levels 
are high, a teflon prefliter is placed upstream of the resin beds to remove 
particulates. 

Sampling Procedure 

Before sampling, all manifold parts are cleaned with HPLC-grade acetone and 
hexane. Preparation of the resin beds consists of flushing each with 4.0 ml 
HPLC-grade methanol, then 10.0 ml HPLC-grade water. One of the beds is 
spiked with isotope compounds in the laboratory. The spike level should be 
imilar in concentration to the non-isotopic compounds being analyzed. 

At the scimpling site, the assembled teflon manifold and resin bed connections 
are leak-tested. The flow rate through each resin bed is adjusted using the 
flow valve and the sample flow volume maintained throughout sampling by 
periodic checks. The water after passing through each resin bed is collected 
in tared carboys. At the end of the sampling period, the water volume 
sampled is determined by weighing the carboy and water. At the completion of 
the sampling, the resin beds are wrapped in foil and kept refrigerated until 
analysis 

Resin Bed Elutidn 

Each resin bed used to collect and concentrate polynuclear aromatic con^unds is 
eluted using acidified tetrahydrofuran (THF). The acidified THE is then passed 
through a micro-drying column to remove water. The dryed THF extract is collected 
in a 0.1 ml graduated vial. The micro-drying column is rinsed several times with 
acidified THF. The extract is then solvent exchanged and filtered. The volume of 
the extract is reduced under a gentle stream of nitrogen at room temperature. 
Finally, the concentrated extract is spiked with an isotope internal standard 
(DiQanthracene). 

GC/MS Analysis 

The extracts are stored in suitable vials until ready for analysis. A 1 nl 
aliquot is injected on the column in a splitless injection mode. Single ion 
monitoring data is continuously acquired and the data stored for later workup. 
Instrumental parameters are described in Table I. 

Data Reduction - Quantitation 

The single ion chromatograms are plotted for the characteristic ion of each 
,polynuclear aromatic being analyzed. Areas are then obtained for any peak 
with a retention time falling within a one minute window relative to the 
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GC/MS Analysis of Polynuclear Aromatic Hydrocarbons 
Page Two 

standard run. Confirmation of identity is based on presence of the EPA 
selected ions (see Table II) for the individual compound, and all ions must 
maximize within one scan of each other. Futhermore, the ionS must meet 

( spectral integrity criteria for relative ratios. (±20%). The areas under-
each characteristic ion are used to determine the extract concentration. 
The areas are compared to the internal standard intensity based on the 
following formula. 

Concentration . = ^^^®^unk^ (Conc^g) 
un)c 

(Area^g) (Dilution) 

where: unk = priority pollutant being quantitated 
IS = internal standard D^Q anthracene 
R.F.= response factor for the particular compound 

Recovery Determinations 

Each sample to be extracted is spiked with a surrogate standard (a deuterated 
analog). These materials are carried through the work-up procedure and 
quantitated along with the normal pollutants. The intensity of these spikes 
when compared to the area for Dio anthracene added to the final extract 
allows a percent recovery to be determined for each extraction. 

Concentration of Spike Observed 
Percent Recovery = ^ x 100 

Concentration of Spike Added to Sample 

Matrix Spikes 
V • • 

In addition, a matrix spike is analyzed with each set of samples. The material 
being extracted is spiked with a mixture of pplyaromatic hydrocarbons appro
priate for the fractions being analyzed. The recoveries of compounds in the 
spiking mix will provide information about the matrix effect of the sample 
on the analytical methodology. Individual component recoveries of the matrix 
spike are calculated as follows: 

SSR — SR - /.rt Percent Recovery = x 100 
SA 

Where: SSR = Spike sample results (yg/g) 
SR = Sample results (yg/g) 
SA = Spike added (yg/g) from spiking mix , 

Duplicate Samples 

Duplicate analyses are performed every 20 samples or one for each project, 
whichever is more frequent. 
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MINN POLLUTION 
(CONTROL AGENCY 

545 Indian Mound 
Wayzata. Minnesota 55391 

(612)473-4224 

July 26, 1962 

Mr. Mike Hansel 
Regulatory Compliance Section 
Solid and Hazardous Waste Division 
Minnesota Pollution Control Agency 
1935 West County Road B-2 
Roseville, Minnesota 55113 

Re: St. Louis Park Well Abandonment Program 

Dear Mr. Hansel: 

Attached are the results of the soil sample submitted to the Iowa 
Hygienic Laboratory. This sample was taken from a depth of 690 
feet on July 6, 1982. 

The sample was split into three fractions by dissolving the sample 
in dichloromethane (85% soluble) and extracting with acid (1% 
soluble) and then base (1% soluble). All compounds identified are 
at concentrations greater than 10 mg/1. 

Sincerely, 

EUGENE A. HICKOK AND ASSOCIATES 

George W. Boyer, P.E. 
Vice President 

bt 

Enclosure 

S626741 



The University of Iowa 
Iowa City Iowa 52242 

University Hygie 

(319) 353-5990 

Btory 

20 July 1982 

E.A. Hickok and AssocJ /trs 
545 Jnriinn Mound 
Hayzata. MN 55391 

Attn: Mr. Geoi'ic Bouo: 

RT; UHL ¥2-23-i(^ 

% 
% M 

Dour George: 

Attached arc the irrAilts of the "-oil" analysis from St. lyuis Park. 
As discussed with Ms. Pott Cain the sample was split into three fractions 
by dissolving the sample in dichloromethane (85% soluble) and extracting 
with acid (1% soluble) and then base (1% soluble). All compounds iden
tified are at concentrations greater than 10 ppm. 

Sincerelu, 

. 'V 

ermand F. Lanqe, Ph.D. 
Ch.o', Organic AnaJtitical Division 

Im 

enclosure 

cc: Dr. Spi in tot 
Dr. Uahne 
Ms. Cain 
Mr. Brewer 
File 

.f i/^ - * -

.JJi. -

/ 
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Qualitative Analysis 

Sample 2-2346 

Acid Extract 

Scan # Compound 

826 Naphthalene 

962 2-Methyl naphthalene 

982 1-Methyl naphthalene 

979 2-Methyl quinoline 
V 

1055 

1103 Dimethyl quinoline (3 isomers) 

1126 

1169 

1192 
1195 C3 Quinoline (6 isomers) 

1198 

1204 

1239 

1264 C4 Quinoline 

1314 9H-Carbazole 
1329 2-Methyl nophthylisocyanide 

1380 9-Methyl-9H-carbazole 
1309 N-(phenylmethyl)-benzenemethanamine 

1439 (],1'-Biphenyl I-2-carboxamide 

1457 Anthracene/phenanthrene 

1466 Acridine 

1476 Benzolhjquinoline 

1497 9H-Fluoren-9-imine 

1519 Methyl acridine 

S626743 
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1565 

1578 

1595 

1617 

1626 

1881 

Qualitative Analysis 

Sample 2-2346 

Acid Extract 

Scan # Compound 

1555 

Methyl benzo[f]quinoline (4 isomers) 

Phenyl indole (2 isomers) 

1610 

1618 

1625 o 

1631 

1639 
j,gg2 Methyl-phenyl-IH-indole (12 isomers) 

1658 

1661 

1669 

1675 
1688 

1692 

1703 

1719 
Anthracenecarbonitrile (4 isomers) 

1788 

1809 

1821 
jggg Methyl anthracenecarbonitrile (4 isomers) 

9626744 



Qualitative Analysis 

Sample 2-2346 

Acid Extract 

Page 3 

Scan # 

1853 
1895 

1907 

Compound 

Diphenylpyridene {3 isomers) 

2040 
2047 

Methyl benzlclacridene (2 isomers) 

2451 DibenzIaJJacridene 

*• 
C3, C4 etc - the compound has additional Methyl (CH3), Ethyl (CH3, 

CH2) etc. Groups attached to total the subscripted 
number of additional carbon atoms. 

9626745 



Qualitative Analysis 

Sample 2-2346 

Base Extract 

Scan i Compound 

850 Naphthalene 

992 2-Methyl naphthalene 

1012 1-Methyl naphthalene 

1121 

1137 

1141 Naphthalene (4 isomers) 
1159 

1172 Acenaphthylene 

1209 1,2-Dihydroacenaphthylene 

1244 Dibenzofuran 

1244 Naphthalene! 

1311 9H-Fluorene 

1341 Methyl naphthalene! 

1442 Dimethyl-l-naphthol 

1489 Dibenzodioxin (2 isomers) 
1556 

1502 Anthracene/Phenanthrene 

1528 3-Methoxy-l,r-bi phenyl 

1569 

1586 Methyl dibenzothiophene (4 isomers) 
1662 

1674 

1639 Methyl 9H-PyridoI3,4-ij]indol-7-ol (2 isomers) 
1650 

9626746 
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Qualitative Analysis 
Sample 2-2346 
Base Extract 

Scan # Compound 

1608 Methyl dibenzofuran (2 isomers) 
1628 

1742 Fluoranthene 
1786 Pyrene 
1794 4-Methyl benzo[c]cinnoline 
1804 1-Phenanthrenol 

* Cj.C^ etc The compound has additional Methyl(CH^), Ethyl(CH^CHg) etc. 
Groups attached to total the subscripted number of additional carbon atoms 

9626747 



Qualitative Analysis 
Sample 2-2346 
Neutral Extract 

Scan # Compound 

362 Ethylbenzene 

374 Xylene (3 isomers) 

411 

524 

533 
573 C, Benzene (4 isomers) 

618 

638 1-Propenyl benzene 
652 IH-Indene 

672 

703 
712 Benzene (5 isomers) 

756 
762 

714 l-Ethenyl-3-ethylbenzene 
728 l-Ethenyl-3,5-ditnethylbenzene 

741 Methyl benzofuran 

769 l-Methyl-2-(2-propenyl)benzene 

789 2,3-Dihydro-4-methyl-lH-indene 

804 
812 Methyl-IH-indene (3 isomers) 

824 

856 Naphthalene 

863 Benzo[b]thiophene 9626748 
866 Methyl decane 
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Qualitative Analysis 

Sample 2-2346 

Neutral Extract 

Scan # Compound 

930 1,2-Dihydro-2-methyl naphthalene 

935 2,3-Di hydr6-4,7-diniethyl -IH-i ndene 

942 1,2-Dihydro-3-methyl naphthalene 

945 1,1-Dimethyl-lH-indene 

956 l,2-Dihydro-6-methyl naphthalene 

997 2-Methyl naphthalene 

1005 6-Met.hyl benzo[b]thiophene 

1017 1-Methyl naphthalene 

1093 1,1'-B1phenyl 

* (6 isomers) 

1110 

1123 

1140 Naphthalene 

1144 

1162 

1179 

1131 Dihydroacenaphthylene (2 isomers) 

1150 

1175 Acenaphthylene 

1208 

1218 

1270 Methyl-l,r-biphenyl (5 isomers) 

1283 

1259 

1213 Acenaphthene 

9626749 
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Qualitative Analysis 

Sample 2-2346 

Neutral Extract 

Scan # 

1229 

1246 

Compound 

2-(l-Methylethyl)-naphthalene 

Dibenzofuran 

1252 

1258 

1275 

1278 

1292 

Naphthalene (5 isomers) 

1295 

1316 

1340 

IH-Phenalene 

9H-Fluorene 

l-(2-Propenyl)-naphthalene 

1351 

1364 

1376 

Methyl dibenzofuran (3 isomers) 

1386 

1397 
1406 

Dimethyl Biphenyl 

l-Methyl-7-(l-niethy lethyl )- naphthalene 

9,10-Di hydrophenanthrene 

1427 

1434 

1444 

Methyl-9H-f1uorene (3 isomers) 

1459 

1480 

1510 

1545 

1555 

2-Methoxy-9H-fluorene 

Dibenzothiophene 

Anthracene/Phenanthrene 

Dimethyl-9H-fluorene 

9H-Carbazolp 3626750 
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Qualitative Analysis 

Sample 2-2346 

^utral Extract 

Scan # 

1571 

Compound 

1-Phenyl naphthalene 

1605 

1611 

1619 

1628 

1632 

Methyl phenanthrene (5 isomers) 

1697 

1704 

1720 
Phenanthrene (3 isomers) 

1747 

1790 
Fluoranthene 

Pyrene 

1839 

1860 
Methyl pyrene (2 isomers) 

1873 

1893 

1947 

1983 

1990 

2031 

2039 

2054 

1IH-Benzo [a]f1uorene 

1IH-Benzo[b]f1uorene 

1,1':2M"-Terphenyl 

Benzo[b]naphthoI],2-d]thiophene 

Benzo[c]phenanthrene 

Chrysene 

Benz[a]anthracene 

triphenylene 

2106 

2114 

2121 

2131 

Methyl 
chrysene 
benzlajanthracene 
triphenylene 

(4 isoniers) 

96267S1 
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Qualitative Analysis 
Sample 2-2346 
Neutral Extract 

Scan # Compound 

2239 Benzo(k]fluoranthene 

2256 Benzo[j]f1uoranthene 

2289 Benzole]pyrene 

2300 Benzola]pyrene 

2317 Perylene 

2577 Indenotl,2,3,-cd]pyrene 

2585 Dibenzanthracene 

2651 Benzo(ghi )pr'xylene 

3088 , Dibenzpyrene 

Cj.C^ etc The compound has additional Methyl(Ci^), Ethyl(CH^CH^) etc. 
Groups attached to total the subscripted number of additional carbon atoms. 
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MONSANTO RESEARCH CORPORATION Uur-Offic, 
Lr-TrioH , B. M. Hughes, Analytical Technology, Dayton , Williain Gregg/ERT 

Jerry R. Rick/SEC 
,20 July 1982 J. J. Brooks/MRC 

P. M. Rlvers/RTC 
.215.45718 

OATC 

ncrKRCNci 
, U.S.A. V. Reilly Tar and Chemical Corporation 

TO t Edward J. Schwartzbauer 
Dorsey, Windhorst, Hannaford, Whitney, & Halladay 
2200 First Bank Place East 
Minneapolis, Minnesota 55402 

In order to properly plan an analytical program which may best fit the needs of 
Reilly Tar and Chemical Corp., a study was conducted in which an aliquot of the 
tar from Well 23 (log no. 1-82-06-14-06, sample no. 6-11-1021) was analyzed for 
the major chromatographable species which were present. Figure 1 shows the 
total ion chromatogram from the capillary GC/MS analysis of a methylene chloride 
solution containing 0.00571 g/ml of the Well 23 tar. Table 1 shows the results 
of a detailed analysis of this mass spectral data and compares the present re-
suits with those from Midwest Research Institute (MRI) [authored by E. E. Conrad, 
et al] and entitled "Results of Analysis of Water Seimples, Sludge Sample and Soil 
Samples for Polycyclic Aromatic Compounds (Hydrocarbons, Azaarenes, Phenols)". 
As can be seen, generally good agreement is seen between the two sets of data. 
The present results shown in Table 1 do not use specific PNA analytical standards 
for each PNA detected. Therefore, these data are estimates with accuracies on 
the order of a factor of two or three. 

Several important conclusions can be drawn from the data shown in Table 1. The 
following paragraphs outline importcuit features of these data, and suggest experi
mental approaches which may be of interest to Reilly Tar and Chemical Corp. 

(1) The present data agree very well with that reported by MRI. However, it is 
significant that a number of important methyl-PNAs, dihydroacenaphthene and 
dibenzofuran, were not measured in the MRI study. The presence or absence 
of these compounds may be highly significant in differentiating Well 23 from 
other possible PNA sources, especially if the methyl-PNAs, dihydroace
naphthene and dibenzofuran can be shown to be cibsent in St. Louis Park (SLP) 
well samples. 

(2) Although the compounds identified in Table 1 are not by far a complete list 
of compounds in the tar from Well 23, the compounds that we detected would 
be the basis of any detailed analytical studies which we would conduct in an 
effort to clarify the source of SLP water contamination. One disturbing 
feature of the water and tar analysis data reported by MRI and referenced 
above is the difference in the PNA distribution of the Well 23 and NAT LEAD 
water samples and the PNA distribution in the tar sample from Well 23 (shown 
in Table 1 of this report). We feel it is important at this time to conduct 
laboratory experiments to determine what pfilA distribution would result from 
prolonged exposure of the tar sample from Well 23 to a sample of organic-
free water. This study could be completed by the middle of August and may 
demonstrate what concentrations and PNA distributions could be expected from 
prolonged exposure of the tar to water. If the naphthalene concentration in 
the exposed water sample is ten times higher than phenanthrene, fluoranthene 

4QSSR9 
RC-tO 
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and pyrene, as is the case for the water samples from Well 23 and 
NAT LEAD reported by MRI, then the source of these PNAs can be assumed 
to be due to the tar injected into Well 23. On the other hand, if the 
distribution is very different from that reported by the MRI study, 
then there is a good probability that the PNAs in the water sample of 
Well 23 and NAT LEAD are due to alternate sources. This same tar/water 
exposure study can be used to investigate the concentrations of the 
methyl-PNAs, dihydroacenaphthene and dibenzofuran which were un
reported in the MRI study. This single investigation could be im
portant in developing the strategy of a pattern comparison study of 
water samples from 5LP and tar from Well 23 or other PNA sources, if 
this approach is chosen by Reilly Tar emd Chemical Corporation. 

If you feel we should pursue the above experiemental approach in determining 
the distribution of PNAs, methyl-PNAs, dihydroacenaphthene and dibenzofuran 
from the exposure of Well 23 tar to organic-free water, contact me or Joe 
Brooks immediately so that we may begin these studies as soon as possible. 

B. Mason Hughes 
BMH/cvd 

4031:3^0 
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** SPECTRUM DISPLAV/'EDIT ** 
1 UL 15C/1S0 D10 + REILLY 6-11-1031 7/13/82 BMH 
30<4)/S/300 BTL«34 D15477 

FRN 1S477 
1ST SC/PG*1193 

X- •as V- 4.00 

CO 
CT 

Figure 1. Total ion chromatogram obtained from the capillary GC/MS analysis of 
a tar sample from Well 23. See Table 1 for the identifications of 
numbered peaks. 



** SPECTRUM DISPLAY/'EDIT ** 
1 UL 150/'1S0 D10 -f REILLV 6-11-1021 7/13x82 BtlH 
3O(4)/8/300 BTL«34 D1B477 

FRN 15477 
1ST SC/PG*a057 

X- .25 V- 4.00 

CC 
CT 

Figure 1. (cont'd) 
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'T* SPECTRUM DISPLAV/EDIT ** 
1 UL ISO/ISO D10 + i^EILLV S-ll-lCEl 7/13/83 BMH 
3O(4)/8/300 BTL«: D1B477 

FRN 15477 
1ST SC/PG«ag85 

X- .25 V- 4.00 

22 23 

JUU. •1^ 

Figure 1. (cont'd) 
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TABLE 1. MAJOR COMPONENTS IDENTIFIED IN VJELL 23 
TAR SAMPLE NO. 6-11-1021, SHOWN 
ANALYZED IN FIGURE 1. 

. MRI 
Peak No. Compound Name Concentration (mg/g)® Results 

1 Naphthalene 7.8 
2 Methylnaphthalene isomers 10.8 NR 
3 N,N-diethy1-benzamine (possible impurity) 
4 Acenaphthalene 2.1 5.8 
5 Acenaphthalene 1.4 1.7 
6 Dimethylnaphthalene isomers 8.5 NR 
7 Dihydroacenaphthalene 4.8 NR 
8 Dibenzofuran 5.1 NR 
9 Fluorene 6.0 7.9 
10 Trimethylnaphthalene isomers 2.9 NR 

: 11 Phenanthrene 23.3 ) 27 
12 Anthracene-djo (IS) 17.5 > b -

13 Anthracene 4.0 ) NR 
14 Methylphenanthracene and/or 

anthracene isomers 8.4 NR 
15 Pluoreuithene 18.2 21 
16 Pyrene 15.3 14 
17 Benzo (a) cinthracene 3.3 K -

18 Chrysene 3.6 D 6.8 
19 Isomer of Benzo(a)pyrene 4.1 17 
20 Isomer of Benzo(a)pyrene 1.3 D 

21 Benzo(a)pyrene 2.0 5.9 
22 Indeno (1,2,3,cd)pyrene 1.2 i m 
23 Benzo(g,h,i)perylene 1.1 J \ " 3.9"* 

^ Estimated by comparing molecular ion responses to that of the 
internal standard (anthracene-djo)• 

Possibly sum of these two isomers are reported in MRI study. 

Not reported in MRI study. 
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7- 01'^^ 
-^MONSANTO RESEARCH CORPORATION httr'Office CorreepenJenee 

^^ 
Ftom ixtc-ntm , B. M. Hughes, Dayton Laboratory ' John C. Craun/ERT 

(513) 268-3411 (ext. 436, 409, 209) Jerry R. Rick/SEC 
DATc I 9 July 1982 J. J. Brooks 

•uajccT : Analysis Request Forms Received - 215.45718 

. MirEMiNct • U.S.A. V. Reilly Tar & Chemical Corporation 

* Edward J. Schwartzbauer ^ ^ 198? 
Dorsey, Windhorst, Hannaford, Whitney, & Halladay 
2200 First Bank Place East 
Minneapolis, Minnesota 55402 

Enclosed are copies of analytical request forms which have been 
submitted for the amalysis of samples received in conjunction 
with the project referenced above. MRC has assigned a unique 
log number for each set of samples and has outlined the requested 
analyses on the enclosed analytical recjuest forms. If emy in
correct information is included on the enclosed forms, please 
notify me immediately. 

B. M. Hughes 
BMH/cvd 

RC-10 



ANAi:Y?IS REQUEST T"* I-*?:)-0(f-39-0 / 
wofeA^iTO {RESEARCH CORPORATION 

DAYT^ LABORATORY 
REQUESTER" . / . 

P eUly Tftiz. /5o\ I 1 > 
<^*VIPLE DESCRIPTION NUMBER OF BOTTLES: I NUMBER ? SAMPLES •• 

CHARGE NO •• 

T 

Co-^j70^»t€. 

RECORDED BY: ft. 

REPORT RESULTS TC 

FILES/KULIK 

f roo ̂ 5 
&r ey 

ANALYSIS REQUEST 
HLES 

Qrid % 

•npi^h 

SAMPLES FOR: 

[4V^K:'5 
SAMPLE LOCATION 

FCfEZeCl 

REQUIRED ANALYSIS-

Gc/^^ A^'S'lys'is. 
! 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •• 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL,ETC.) •• 

COMPLETION DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLCT 

• VISIBLE 

• INFRARED 

• EMISSION 
• EDAXXRF 

• MICROSCOPY 

• OTHER 

QUAl SEMI QUANT., 

• NMR 

• HPLC 

P XRD 
. • ICP 

.• ATOMIC ABSORPTION 

• MASS SPEC 

• GC/MS 

• AUTO ANALYZER 

QUANT • 

. TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

"SAMPLE DISPOSAL; 
AFTER REPORT COMPUTE D DISCARD' D RETURN HOLD FOR D 30 DAYS D 60 DAYS Hcldol 

THIS INFORMATION MUST BE SUPPLIED BY ANALYSIS REQUEST ORIGINATOR 



SAMPLE TRANSMITTAL LETTER 

Client Qf fti V //I/" f < /'/'/!. 

Date Shipped C.- - .JS-- i 

_Project Title ___ 
JShipped by • ' 

1 • . I; / ; '• s < . f /r . 

..'/ ti' •/ A, /V/ 

. /- .• . ̂ . 

Shipped From '3>r.. L V~ /«; )• ' />/1i • .•</. \V/V 

Shipped To /?(.- A. "S —. — _ 
•J- I- • - -i .0.) Attention of "H" T \ 

Additional Shipping Information or Comments v-. 

TA. /.Jv/^ 7^. 1 . /; 1 /i. - ,1/ .;v # »> I » . » T'-# ^ #0 

r i 1-

TAK|?/O ~\'U X.X (• M -

Q. L.C). A.r«^' I.- - ;• V ; 
f 

m % 

• 

Samples Received by 

Date Samples Received 

Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 

4CS5S7 



AN.'U.YSrS REQUEST OATF LOG NO. 

...v 

-a7-^3^-0 
WONSANTO RFSEARCH CORPORATION REQi' w* CHARGE NO." 

OAYl LABORATORY ^ H ' /^/iTT 'VS 

-../IPLE DESCRIPTION NUMBER OF P lESf^ s" NUMBER OF SAMPLES •• ^ 

A " . r., 

REPORT RESULTS T( 
FILES/KULIK 

6/: 
6/?O//5 ,* (TO . OS^ 

ANALYSIS REQUEST 
HLE? s 

REQUIRED ANALYSIS 
RECORDED BY: ' ,'L i 

O 

SAMPLE10CATI0N 

V W J *' 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •• 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL.ETC.) 

COMPLETION DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLET 

• VISIBLE 

• INFRARED 

• EMISSION 

• EDAXXRF 

• MICROSCOPY 

• OTHER 

QUAL._ SEMIQUANT., 

• NMR 

HPLC 

. O XRD 

• ICP 

.• ATOMIC ABSORPTION 

i , D MASS SPEC 

D GC/MS 

• AUTO ANALYZER 

QUANT _• 

• TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

"SAMPLE DISPOSAL-
AFTER REPORT COMPlfTE • DISCARD D RETURN HOLD FOR • 30 DAYS •M DAYS /JJl 



-fZ " 

<;:«.?• -- . t ;.; -i • s ,••• 

SAMPLE TRANSMITTAL LETTER 

S'l. \i.i. «/ iT *. /// />•; Cc^jj 

Client Cl£lLi-S vc HL'AV ri ji^ Project Title , ''VN" I ,, •> S L- y*/Ay' 

Shipped by ^/>.K... S.- i «? v.>/<.?,A Date Shipped "7// /??•? 
Shipped From v ci. ...\. rii /X'f ST j.^/Vt. /MA; *?*rA'v 

Shipped To rtXr^NJN AKJ'^ O- r^ir .-c-..^ .v V/\T/«'-V^ Attention of ^cl-^ ^tLocVk.s 
Additional Shipping Information or Comments c. x •> w ' U:>^ v^y See 

X&SBBMS' ' 

Co 

• 

Vd'CtT!' A (••'? A'.I^L ^r*<''N? »VT »*Tlr^t»0\ •. • t. . / » ,vv \ M >s », t r ' 

' 
• 

^ 1 ... ; (../ 

^ • V 1 

tas >/» //o-'so -\i>\\J',>\i -."i/•»»"« r • •?, i>> f'vw • v- /»/*4 T'r A'/V/- f'OT 

f.-M I . .AA/ir-t. 

->////?. .'SO A-. :•• -V' ' .--/tK r' '• (•>':? 1*' A.' jA J/t. p 

1.•••.••'..• .' ' . 

<•'' <Ci. (.• V -v. Art/ArZ. 

»•••.. » '/'//.'. M. v..A-> 

4.. . \ v.\ , i ><.•.'( r>41"rj. j 

/? * •••'• <• t\>.v » \ \ v" V- <. v A'-J'A C'<" 1 f\i r\ 

Date Samples Received 
jr. 

Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h ^SJ85;)9 



ANALTSIS REQUEST 07' 01 'Ol 
/Jil^NSANTO*RESEARCH CORPORATION 

DAYT LABORATORY 
REQUESTER 

MVIPLE DESCRIPTION NUMBER OF BOTTIIS: | 

CHARGE NO.** 

NUMBER OF SAMPLES "1 

OUJ 5.3 S-t. k«(/is fW-k. 

J)e^4^ 6^3"' 

o{ \t Grlilc^ 

RECORDED BY: 

REPORT RESULTS T 

^FILES/KULIK 

rooks 

Jb^kV^SOU 

ANALYSIS REQUEST 
FILES 

Broods 
6r»dl^ 

I 

SAMPLES FOR; 

SAMPLE LOCATION 
h^L I 
f=re<zcr 

REQUIRED ANALYSIS' 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •• 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL,ETC.) 

COMPLETION DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATXRAPHY 

• ULTRAVIOLET . 

• VISIBLE 

• INFRARED 

D EMISSION 

• EDAXXRF ' 0 • 

• MICROSCOPY 

• OTHER 

• NMR 

• HPLC 

<] XRD ' 

• • ICP 

• ATOMIC ABSORPTION 

• MASSSPEq -

. • GC/MS 

• AUTO ANALYZER 

OUAL. SEMIQUANT.. QUANT.. 

> TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

HOLD FOR 030 DAYS • 60 DAYS Hv/4 •*SAMPLE DISPOSAL: 
AFTER REPORT COMPLETE • DISCARD • RETURN OTI 

'iv.OV; . O •* THIS INFORMATION MUST BE SUPPLIED BY ANALYSIS REQUEST ORIGINATOR 



ft. 

U ' - * 

• l" \. . 
SAMPLE TRANSMITTAL LETTER 

Client figuty • Project Title 
Date Shipped *7- . • JShipped by cVi ivy»K> tacxl c<vw/Vi'L-V 

Shipped From •T-QA Exetosn/o^J A^o<. (PAOL. , /w,.? 

Shipped To: K\L>tuw>>7xc> 4Sfeyvv^^•r•Tlfe•gsl^/Vl^v••A•v^ gog.ccp-A'noiO Attention of 

Additional Shipping Information or Conments v>^cweFo r>t*.v TCF . 

YV>AV ///I? yjfv'WE ^ • 

•<e=555SSBS» 

rSL ^ i.c»^x-s QA(2.\< 
• 

^\.ACk TAaMV %.»•>,'5.-YAAJ( e "SA'v^--) . T ;»// 
• 

'P.AVUP.t • "^Nvx^. -yvt-vJCSk. // 

• 
^ • 

m 
•• 

• 

\ ' • 

• 

• • 

J 

• • 
* • 

• • A: :,•• • — 

Samoles Received by Oila>wv. 

ce Samples Received 

turn Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 

4C3G01 
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MONSANTO RESEARCH CORPORATION lnt0r-Ufj$ee borreap 

Pnm 

OATI 

= B. H. Hughes/Dayton Laboratory 
(513) 268-3411 (Ext. 436>- 409, 209) 
24 June 1982 

y cc William Gregg/ERT 
Jerry R. Rick/SBC 
J. J. Brooks/MRC 

•USJCCT ' AneJ.ysis Request. Forms Received - 215.45718 

' g.S.A. V. Reilly Teur S Chemical Corporation 

TO 
Dor^&y, Windhorst, UcUUl«3IQld, Whitney, & Hallada 
2200 First Bank Place East 
Minneapolis, Minnesota 55402 

CkfU/A -4 ^ JA/ 

(o/nju-
U)flvlk \/*v6klw^) 

HA 

.. 

Enclosed are copies of cuialyticed. request forms which have been sub
mitted for the analysis of samples received in conjuction with the 
project referenced ediove. MRC has ctssigned a unique log number for 
each set of saixq>les euxd hcus outlined the requested emalyses on the 
enclosed analytical request forms. I£ ̂ y incorrect information is 
included on. the enclosed forms, pleeise notify me immediately. 

;{• , 

B.- M. Hughes 

403567 
SC-IO 



ANALYSIS REQUEST 
DATE 
b 

VIONSANTO RESEARCH CORPORA 
DA\pN LABORATORY 

>Ef I tx 
IDG NO. 

REQUESTER-

:h 
SAMPLE DES^CRIPnON 

VJ 0^3 Cc-V\-S7i 

NUMBER OF BOTTIES: NJMBER 

CHARGE NO.-
di^St BtLouy 

OF SAMPLES -1 

REPORT RESULTS T0< 

n^/KULIK 

iroo^ 
Sr^dieu 

y. yy- •; .• ••' • 

u 07.3 Core, -fVovvx wftAl 

/Bi 
yy ' : -S-. 

ANALYSIS REQUEST 1 
FIIES . 
8r<i<?W.5 

\jjQ'^y ^ "^Oyv^ VJC/U 

Snaley 

ifuBfteSy 

SAMPLES FOR: 

r*v» 
SAM 
1-^ 
Frteser ^ RECORDED BY; ft* i g-

REQUIRED ANALYSIS**:^ ; f^ouo Jes cjiwfi/ue^ALe yfxJW^r/C/f c /AJtrcK.m/ivc 
pfijOfn. CoSromiA^ • •: • 

C?/^. V5-7V^ — 6c/^«S 
^^5., *is7BS — 

Oir-.<j|Y»3\ •"f 

i4> . 3*1 ' *' • 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •• ANALYTICAL TECHNIQUE •• 

• GAS CHROMATOGRAPHY • NMR • 

a ULTRAVIOLET . HPLC i 

• VISIBLE ' . • XRD 

• INFRARED • ICP 

JJ EMISSION 0 ATOMIC ABSORPTION 

• EDAX XRF MASS.SPEC • 

0 MICROSCOPY ^ yjs cam 

• OTHER • AUTO ANALYZER 

REFERENCE TO PREVIOUS WORK (REQUEST #. JOURNAL.ETC.) •• 

ANALYTICAL TECHNIQUE •• 

• GAS CHROMATOGRAPHY • NMR • 

a ULTRAVIOLET . HPLC i 

• VISIBLE ' . • XRD 

• INFRARED • ICP 

JJ EMISSION 0 ATOMIC ABSORPTION 

• EDAX XRF MASS.SPEC • 

0 MICROSCOPY ^ yjs cam 

• OTHER • AUTO ANALYZER 

COMPLEnON DATE - r 
OIIAI ' VMIOIIAMT OllANT 

; Tl ME ALLOTED FOR ANALYSES . -

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 
— f^cnu 

MOfik' ij UAit^cj?. t ir/K.jo r/AA\ 

AAia C/iAjrjeAi.^ 

/Ttu^T Af. fA^i»A,e ae rrAAjiiy^j/-. < 

/A) r/i HAT j-m 
4(iyb6S 

D-^CAR. PRnURN HOLD FOR • 30 DAYS •WDAYS OIF: 

T nJCiP/tJlT 



SAMPLE TRANSMITTAL LETTER 

CI lent Tau.AC^'h^*'* 
Date SMooed L 

Shipped From !Vr . ^.tc . .u<} 

_Project Title 

JShipped by .T^fr >| <>.^r 

Shipped Jo __Attention of :t.r 
Additional Shipping Information or Comnents •So^^.v.-v 

^..•=-^ iry J^yy^€/K.tCJ 

UiAn gjo V/J 

Sample Description Code_ 

.a/^A4^yur^ \/C-Oa.^ V ":;s.v,. , 

Ula-23 C-/f-/f,2J > 

\il o-zr^ Taau^ 

UKyZ-3 /S.-//-////, 

tOot'h C'ft ' 

Coye^CS>£1^* 
P UiC 5» A'' Ld^'-ttA.O 

Samples Received by id. ^"HirojO ^ "Va^e. '\r>\-3.c?V' 

Date Samples Received (/ IH 10*30 .•• 

Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 409569 



ANALYSIS REQUEST DATE 

k 
IIOGNO. 

•w—~ . 

VIONSANTO ®EARCH CORPORAT 
OAYfDN LABORATORY 

TO REQUESTDl- ' 1 CHARGE NO. 

SAMPLE DESCRIPnON 
(^aiy T/W. 

CHARGE NO.** 

SlS.^Slli 
NUMBER OF tOniB: ( 

O-IS-VHvHa. 

NUMBER OF SAMPLES - | 

REPORT RESULTS 

ni£S/KULIK 

4ir*ei 

OrSAlA^t el'lAA NC ^ 

SAMPLES FOR: 
(n» 

RECORDED BY: A t 

SAMPLE LOCAHON anffiru-u 

REQUIRED ANALYSIS' 

OC/^S - t4oi.D Av\-alysi5 . 

KNOWN HEAL1H HAZARD PRESENIED BY SAMPIZ; •• ANALYTICAL TECHNIQUE •• 

• GAS CHROMATOGRAPHY • NMR 

• ULTRAVIOLET ^ O HPLC 
• VISIBLE • XRD 

• INFRARED O ICP 
• EMISSION Q ATOMIC ABSORPTION 
• EDAXXRF O MASS SPEC ; 
O MICROSCOPY O GDMS 

O OTHER • AUTO ANALYZER 

REFERENCE ST, PREVIOUS WORK (REQUEST«. JOURNAI,EIC.I "• 

|-«2-£)C<-'B-0V 

ANALYTICAL TECHNIQUE •• 

• GAS CHROMATOGRAPHY • NMR 

• ULTRAVIOLET ^ O HPLC 
• VISIBLE • XRD 

• INFRARED O ICP 
• EMISSION Q ATOMIC ABSORPTION 
• EDAXXRF O MASS SPEC ; 
O MICROSCOPY O GDMS 

O OTHER • AUTO ANALYZER 

COMPLEnON DATE OIIAI VMIOHANT OIIANT 

TI/ME ALL07ED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC TI/ME ALL07ED FOR ANALYSES 

ANALYST HOURS INST. TIME 

TI/ME ALL07ED FOR ANALYSES 

ANALYST HOURS INST. TIME 

-

2o ••SAMPLE DISPOSAL: 
aiTO» pFPnpT rnMPiETE • DISCARD • RETURN HOLD FOR Dao DAYS •BO DAYS 



.. 

CHAIN OF CUSTODY 

PSOJECT fleH-Lv 

LOCATION ST- LOC^ /Pat t ML>. 

SAHPLF NUMBER 
Q r H iff?, i^AsT-gju.a Uttruita 

2^ - • •' ••' - ' ' ' • • 

3- ' ••- • ' -• •' " '• • 

4. . 
I • 

5. • • ' • ' • ; 

6. " ' • • • 

7 . 

DATE COLLECTED 

DATE SAMPLED 

SHIPPED BY 

DATE RECEIVED 

RECEIVED BY 

METHOD OF SHIPMEN-T 

COMMENTS "ivx^-akX 

Ur-- •* ' 
T-r 

409571 



•v.r*: • , .'4* •*% « 

ANALYSIS REQUEST 
MONSANTO;^EARCH CORPORATION 

DAYVtiN lABORATORY 
SAMPLE DESCRIPHON NUMBER OF Bi 

CHARGE NO.-
SfL 6^^-6(0 

REPORT RESULTS T 
FILES/KUUK 

NUMBER OF SAMPLES 

1^ U 15^00 

ticfisioOd 
^ (ffs JOxo 
Iff. 

X C«5W8y <U Gr\K^t>f 
RECORDED BY; A . 

/r,'H 

ANALYSIS REQUEST 

(V], 

TcrJ - *• /r> 

SAMPLES FOR: 

SAMPLE LOCATION 

.e<2. 
REQUIRED ANALYSIS** ^ 7- AT V ^ 

^IS". ^5r7/S " 
oiS *: i-7Jr A ..r,i. T.va 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLL 

REFERENCE TO PREVIOUS WORK (REQUEST f, JOURNAL.ETCJ ; 

COMPLEnON DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATOGRAPHY 

D ULTRAVIOLET 

•VISIBLE 

• INFRARED 

• EMISSION 
• EDAXXRF 

• MICROSCOPY 

• OTHER 

OUAI SEMIOUANT.. 

• NMR 

• HPLC 

• XRD 

• ICP 

• ATOMIC ABSORF;.^ 

• MASS SPEC 

ef GC/MS 

• AUTO ANALYZER 

OUANT. 

TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

^ UXfif <• , ^ UK'.-^ , r. " •) 

rk-- /r/LiTA L 

rr :r .«• y -

^ 405^572 
FOR • 30 DAYS • 60 DAYS ( 

-SAMPLE DISPOSAL: 
AFTER REPORT COMPLETE O DISCARD D RETURN HOLD 

ir-1£ • f 



• 
CHAIR OF CUSTODY 

Project 

Location 

If {f 

y-j-y.'vtr c ^sL 

SAMPLE NUMBER DATE COLLECTED 

6rVS''9^CiO 

2i 

3. 

4. 

5. 

6-

7. 

c^/rsyi-^ 
C^:Sr/S'Z-

Date Shipped 

Shipped By 

Method of Shipment 

Date Redeved 

Received By 
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> x • 
MONSANTO RESEARCH CORPORATION 

Fntm toc"<oN ; fl. M. Hughes, Dayton Laboratory 
'• (513) 268-3411 (ext. 436, 409, 209) 

OAT* I 9 July 1982 

•uojccT : Analysis Request Forms Received - 215.45718 

. ncriRCNct ' U.S.A. V. Reilly Tar & Chemical Corporation 

Inter'Offiee Correspondence 

' John C. Craun/ERT 
Jer3:y R. Rick/SEC 
J. J. Brooks 

TO » Edward J. Schwartzbauer 
Dorsey, Windhorst, Hannaford, Whitney, & Halladay 
2200 First Bank Place East 
Minneapolis, Minnesota 55402 

•'"t. 1 3 882 

Enclosed are copies of analytical request forms which have been 
submitted for the analysis of samples received in conjunction 
with the project referenced above. MRC has assigned a tmique 
log nvimber for each set of samples and has outlined the requested 
analyses on the enclosed analytical request forms. If any in
correct information is included on the enclosed forms, please 
notify me immediately. 

BMH/cvd 
B. M. Hughes 

RC-IO 



ANAlYglS REQUEST / 
tmsmo RESEARCH CORPORATION 

DAYT^ LABORATORY 
REQUESTER" / 

11 \ II y Tmz. yODi I B/n 
SAMPLE DESCRIPTION NUMBER OF BOTTLES: M ? 

CHARGE NO." 

NUMBER OF SAMPLES 

Co-s^7C«'t€. 

RECORDED BY: A. TW-zf 

REPORT RESULTS TO' 

FILES/KULIK 

f COO ^5 

V 
ANALYSIS REQUEST T( 
FILES 

Brooke 
% 

SAMPLES FOR: 

Hv^k'S 
SAMPLE LOCATION 

riLeEzeG. 

REQUIRED ANALYSIS*' 

GdJvi^S f-Uld A^'^fy^'s. 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •• 

REk..uNCE TO PREVIOUS WORK (REQUEST#, JOURNAL.ETC.) •• 

COMPLETION DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLET 

• VISIBLE 

• INFRARED 

• EMISSION 

• EDAX XRF 

• MICROSCOPY 

• OTHER 

QUAI SEMI QUANT., 

• NMR 

• HPLC 

jD XRD 

. • ICP 

.• ATOMIC ABSORPTION 

• fMSS SPEC 

• GC/MS 

• AUTO ANALYZER 

QUANT 

. TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

Hcldom. "SAMPLE DISPOSAL: 
AFTER REPORT COMPLETE • DISCARD • • RETURN HOLD FOR • 30 DAYS • 60 DAYS 

THIS INFORMATION MUST BE SUPPLIED BY ANALYSIS REQUEST ORIGINATOR 



SAMPLE TRANSMITTAL LETTER 

Client rAt' 
Date Shipped C.- - .JS-- ̂  i 

_Project Title 
Shipped by .. ' 

y t L' / ; 'V S • 

* ' • t) ' ' / /i t / K/ 

Shipped From *^r. . L V~ V. >1^1 jvv »• /»; )• 'w' vV. • •»'/. >V/» 

Shipped To /i ir A.^ ) 
Additional Shipping Information or Comments v^i-

_Attention of "H' T •Ur>i<r S 

Cr> f.O-y / T A".. /;//'. »' ,1/ ".^V/.o 

OoO P"? y-w , 

r"! ,-\i J " 

'TAKI?NJ ~Aiu »-v I • -! -• 

• 

61 L.Ci. f-^rc ; 
* 

o 

• 

Samples Received by 

Date Samples Received s£-a,\ 

Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 

4esss7 



- :v .A. j - K ,r„., ,•••,. 

Aimsis REQUEST 
MONSANTO RFSEARCH CORPORAVIOPI 

DAY! LABORATORY 

LOG NO. 
/'£^ ' 0 7-''i>3- -oI 

REQUESTER-

/}c< •> di 
NUMBER OF BjnTLISf >5" 

CHARGE NO." 

SIS: V.5'7/^ 
SAMPLE DESCRIPTION 

.• (TO - GSS ' ' . 

Ojsoj/t. <ro - zy^ 

ijij/o'.so -

NUMBER OF SAMPLES .r* 

REPORT RESULTS TO* 

FILES/KULIK 

QrCCtJt<7 

yt 
ANALYSIS REQUEST T 
HLES,.^ 

RECORDED BY: 

SAMPLE'LOCATION 

'3' .si 
REQUIRED ANALYSIS- (J 

-. r • ••• 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: •• 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL.ETC.) 

COMPLETION DATE 

ANALYTICAL TECHNIQUE -

• GAS CHROMATXRAPHY 

• ULTRAVIOLET 

• VISIBLE 

• INFRARED 

• EMISSION 

• EDAXXRF : 

O MICROSCOPY 

• OTHER 

QUAL SEMI QUANT. 

• NMR 

HPLC 

• XRD 

• ICP 

,0 ATOMIC ABSORPTION 

. D MASS SPEC 
•A. • 

• GC/MS 

• AUTO ANALYZER 

QUANT 

• TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

"SAMPLE DISPOSAL: 
AFTER REPORT COMPLETE • DISCARD • RETURN HOLD FOR [U 30 DAYS DM DAYS ML OTI 

*-T -r r— f » ^ 



• • . -v • ; . • M..:. •, . 
I '• • • •••:•••• • 

SAMPLE TRANSMITTAL LETTER 

ILI. i/**.' T t. ////«•/ Ct-i-p 

Client TAR VC Hifyw .?0 Project Title _ 

Date Shipped "7///s*:) Shipped by : . . i ( 'S,- ^ V' Y ,>/C' fy /UtWl 

Shipped From *^^\\ .•>-VV'/AA-V O ru t\ <r ST tvi^^ <r*r^/v 

Shipped To ^f\<^^^c^"ViANJ'^ Q, Pr \\~ A>2.tH >\ V/\7M'.S~ Attention of 

Additional Shipping Information or Comments T>Ac k r i>. N -t \A " j-(re 

J^^ggtam • 

Co/-?,o s ( .i'f>>\-r 1. rr-'.'wx r'.iS.L 

V>>i 's,.* 

• 

fio/Vo' cxr^ A ;>1 >VTItAiiC\ 

. r/" 
<- . / f .v.- ^ ,x * >;»\ ^ ' 

' ' • 
O/vJ /V.'o& V\i» •» \ 1 /^t i" / (.. / r 4 

^ »V > ('v*.f ^ » 

•<a >////n.'so ,(•.'.-."i r • V fn ̂ Ti? f-t/\l. (\'^XFP 

S 
^•>VvMt f-v.i.' * A'l... • .P.Aiir.t-

-^////?..'so /S-. :•• ^y -./vr' . r , >'r? iP A'7>» 7/t-/E 

V C." V .-V' •' • ^-<? 'C. I.^ 'At'^UKjL. 

** r - ; 'I'll?. M' v..A-> KCT 

\ S(\l V.\ , , i > D>Xl 1 I -vc «",r D H'l*.O 

. /9. * •••'• (' <\vv i\ * v' ( . V CA" 1 rtT r"i 

Samples Received by _ -^r/A^ 

Date Samples Received 7UP> . X 

/ 
Return Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 'T«aG»9 



ANkySIS REQUEST ^ ̂ x. 07' 01 -01 
MONSANTO'RESEARCH CORPORATIDN 

DAYT LABORATORY 
REQUESTER 

SAMPLE DESCRIPTION NUMBER OF BOTTLES: | 

CHARGE NO." 

NUMBER OF SAMPLES I 

5.3 SH. IMVW Park 

])ep4^ (i^S' ; 

RECORDED BY: a. 

REPORT RESULTS TO 

^FILES/KULIK 

E roots 
Gr.^ 

ANALYSIS REQUEST " 
FILES 

Broods 
0ridl^ 

SmPlLS FOR: 

SAMPLE LOCATION 

pre<zcr 
REQUIRED ANALYSIS'* 

&6/l^5 l^^^ys)s 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL.ETC.) 

COMPLETION DATE 

ANALYTICAL TECHNIQUE 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLET . 

• VISIBLE 

• INFRARED 

• EMISSION 

• EDAXXRF " 

• MICROSCOPY 

• OTHER 

OUAL. _ SEMI QUANT., 

• NMR 

• HPLC 

XRD ' 

• • ICP 

• ATOMIC ABSORPTION 

• MASS SPEC, 

D cam 
• AUTO ANALYZER 

__ QUANT 

> TIME ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 

"SAMPLE DISPOSAL-
AFTER REPORT COMPLETE • DISCARD • RETURN HOLD FOR • 30 DAYS Deo DAYS Hv!^ OTHF 

4kOV; - 0 " THIS INFORMATION MUST BE SUPPLIED BY ANALYSIS REQUEST ORIGINATOR 



\. 
SAMPLE TRANSMITTAL LETTER 

. Project Title (y<>o-K S» ^cv.\ (?>^/4K . /.M'" Client figuxy 
Date Shipped • JShipped by cLi 

Shipped From c^ct?,^ ca «.o<.<// ALK S>r (PAou , /WL? 

Shipped To: <v\o<>jV>.Krto «roc-\;;cfi/\-noiO Attention of 

Additional Shipping Information or Comments v^Acwtrro P>^V TC F . 

YVIAV ^c^.rx-'TA/yJ ///)? A/Lr^g^T. yjf>>s>E i • 

Sample Description Code_ 

" • Cui LII'L'J' 

A/? .'l-S-

ru. ^ i-Ci^xN 0A(2-K ./^0AJ "S^v-ACk -T/Vaff.y V>?,'^.TA^QC £ V.- IT>I/;J 

«••:.•« , « t'- , 

fV : •"-• •• 
Samples Received by QAJO.^. M 

ie Samples Received . 

•turn Letter Received by Contract Laboratory Date 

MRC-QA #001T 
0610821h 

403f<01 



;V'' 
MONSANTO RBSBARCH CORPORATION 

f/. 

htefUfJtee 

209) 
» B. M. Hughes/Dayton Laboratory 

^ (513) 268-3411 (Ext. 436, 409, 
•*" •• 24 June 1982 

MBJKT : Analysis Request Forms Received - 215.45718 

•cFcatNcc » U.S.A. V. Reilly Tar s Chemical Corporation 

ee I William Gregg/ERT 
Jerry R. Rick/SEC 
J. J. Brooks/HRC 

TO 
Oor^ey, MiucUiui.sL, UdJUUlBld, Whitney, S Halladay 
2200 First Bank Place East 
Minneapolis, Miimesota 55402 

Enclosed are copies of analytical request forms which have been sub
mitted for the analysis of samples received in conjuction with the 
project referenced above. MRC has assigned a unique log number for 
each set of saoples and has outlined the requested analyses on the 
enclosed euialytical request forms. If any incorrect information is 
included on the enclosed forms, please notify me immediately. 

B. M. Hughes 

RC-IO 

409567 



A'. 

ANALYSIS REQUEST BATE, 

k 
MONSANTO RESEARCH CORPORA 

DA\r?N LABORATORY 
yiPLE DEJCRIPnON 

CHARCENO." 
dilSt seLOtO 

NUMBER OF BOTTUS: 

W aa.3 o-\i-?X 

U 0'5^3 U'U'Ult Cort -Crovvv 

woai Pttc^e 

WOTiS ^ 

SAMPLES 'i 

REPORT RESULTS K 
iq^/KUUK 

6r(?oL^ 
e^'idieu 
jni^uohes '• '=:• 

v.*:®.*' 

.. .•»•• -

y-•. 

ANALYSIS REQUEST 
FIIES 
BropW-s 
Srialey 

m, y/L»®/Y£J . 
9^'" -

SAMPIES FOR: 

SAM^LpCA inoN 

Ff«erer RECORDED BY: ft* - - -
REQUIRED ANALYSIS**:^ yjore: HOU) fitJ^ty^es cooifiSMALe /^A)At^r>cA<. 

Pitom. CutromdA^ 

alts'. ^S7t2 — GCMS Oirui»ABl t-T 
• 3*1 

--• 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLE: ** ANALYTICAL.TECHNIQUE •• 

• GAS CHROMATOGRAPHY • NMR J 

O ULTRAVIOLET . -• HPLC 1 

• VISIBLE , • XRD 

• INFRARED • ICP 
EMISSION O ATOMIC ABSORPTION 

• EDAXXRF . : J . O MASS.SPEC 

• MICROSCOPY ^ ^ ^5 CC/MS 

• OTHER • AUTO ANALYZER 

REFERENCE TO PREVIOUS WORK (REQUEST #, JOURNAL.ETCJ •• 

ANALYTICAL.TECHNIQUE •• 

• GAS CHROMATOGRAPHY • NMR J 

O ULTRAVIOLET . -• HPLC 1 

• VISIBLE , • XRD 

• INFRARED • ICP 
EMISSION O ATOMIC ABSORPTION 

• EDAXXRF . : J . O MASS.SPEC 

• MICROSCOPY ^ ^ ^5 CC/MS 

• OTHER • AUTO ANALYZER 

COMPLEnON DATE ' ' 
OIIAI ^FMIOIIANT OllANT 

: Tl ME ALLOTED FOR ANALYSES . 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC 
— P'oLi- ^yafntettm 

^At'L y/iorPa.,9e.t AAia raAjrjpA£.^ 
/»i/rr ra^jiA.e ae 

- 4UbSb8 
••SAMPlf DISPOSAL: 
AFTER REPORT COMPL£TE D DISCARD n RETURN HOLD FOR D30 DAYS DWDAYS ^ 01 

•r iiJO£P/tJ' 



• 
SAMPLE TRANSMITTAL LETTER 

CI lent TAX. ^ 
Date Shipped A //e//=r 
Shipped Fran ?rr.LewiPA.tc. iVii) 

^Project Title 
cv..t - i 3 /-/c^c «k y rc^ryc^ 

JShlpped by .Tvfr .| f^,ck^ <^r 

Shipped.To Attention of_Jbz_^ncSLiiI. 
Additional Shipping Information or Cownents 

r-cx gj. vt-/ 

Sample Descripttto Code^ 
• 

/ Of* ̂  C^OA^jx^^yi/T^ 

Ut a23 Cf—//^/02J 

Ut 0'2i^ • ^n/14 / 

\if02'3 zS-//-///^ 
aic i A" CM4,<MC. 

-
-

> 

* 

Samoles Received by QlLx/x. lu. ^ se'3\ 'in\"aciV-

Date Samoles Received (/ W 

Return Letter Received bv Contract Labcratorv Date 
• 

MRC-QA lOOlT 

409S69 ^ 



!*r 
7 

_ ^ 

ANALYSIS REQUEST DATE 

Js, 
AONSANTO 

tj " 
!5EARCH CORPORAT 

LABORATORY 
TO RGQUESIER^ I CHARGE NO. 

PL£ OESCRIPHON 
EgiUy TM. 

CHARGE NO.** 

3\s.^sm 
MIMBOtOFIOmfSs I NUMBER OF SAMPLES - | 

REPORT RESU11S1 
FUES/KUUK 

J, 0fo^ 

4ir«C| 

e^iAA NC ^ 
^ ak(7r\dU^ 

RECORDED BY; A . Firrig 

ANALYSIS REOUESI 
niEs, ; 
GnAli 
ejg&jc^s 

V^f?-

SAMPLES FOR: 
(n» 

SAMPLE lOCAnOI 

REQUIRED ANALYSIS' 

- ^OLD Av\-jvlysis 

KNOWN HEAUH HAZARD PRESENTED BY SAMPIE: .• ANALYTICAL TECHNIQUE •• 

• GAS CHROMATOGRAPHY • NAAR 

O ULTRAVIOICT V O HPLC 

• VISIBLE . • XRD 

• INFRARED • ICP 

D EMISSION D ATOMIC ABSORPTIO 

• ©AXXRF O MASS SPEC • 

O MICROSCOPY O GCTMS 

• OTTER • AUTO ANALYZER 

REFERENCE V PREVIOUS WORK (REQUEST#. JOURMAUETC.) ~ 

i-?a-ot<-i8-ov 

ANALYTICAL TECHNIQUE •• 

• GAS CHROMATOGRAPHY • NAAR 

O ULTRAVIOICT V O HPLC 

• VISIBLE . • XRD 

• INFRARED • ICP 

D EMISSION D ATOMIC ABSORPTIO 

• ©AXXRF O MASS SPEC • 

O MICROSCOPY O GCTMS 

• OTTER • AUTO ANALYZER 

COMPLEnON DATE OUAJ ^FMIOIIANT OIIANT 

TIME ALLOTEO FOR ANALYSES 

ANALYST HOURS INST. TIME 

REQUIRED QA/QC TIME ALLOTEO FOR ANALYSES 

ANALYST HOURS INST. TIME 

TIME ALLOTEO FOR ANALYSES 

ANALYST HOURS INST. TIME 

m 

4oyb7Vi 
**SAMPl£ DISPOSAL 
«iTn» RFPnpT rnMPLETE • DISCARD G RETURN HOLD FOR •so DAYS DBO DAYS 



CHAIN OF CUSTODY 

PKWECT fleH-Lv T/IR fh M 

lOCATION ST- Loc,< patL MU>. 

1. 

2. 

3. 

4. 
i 

5. 

6. 

7. 

SAMPLE NUMBER 
t § Q •» tffHTiS. P***a S/9iuO,unrH 
Off: /y VZ luti-uiu 

DATE CQILECTFD 

DATE SAMPLED 

SHIPPED BY 

DATE RECEIVED 

RECEIVED BY 

^7^t-ezr 

METHOD OF SHIPMENT^ 

(oMfz' 

COMMENTS Sesl ^-ayg 

»rr • • 

409571 



• •, »C.r-; . . .)* ".-.m.,- ••»... - a.. 

ANALYSIS REQUEST |°*o/it/<?x 
MONSANTO/f>5EARCH CORPORATION 

DAYV^ LABORATORY 
-MPLE DESCRIPnON NUMBER OF Bi IF BOTTUst jr ' NUMBER Of 

CHARGE NO.-
SfL 

SAMPLES 

ncfislOOO 
v(ffs lOXO 

Ch1.M *•( 4* Gr'iLlty 

RECORDED BY; A » 

REPORT RESULTS 
FILES/KULIK 

fn-h 

ANALYSIS REQUES 
Fip 

P); 
riiliy 
\TcrJ r rr> 

SAMPLES FOR; 

,ocAnc 

REQUIRED ANALYSIS** 7>eUJC'^^ r ^ - ^ 

<3/5^ S - 6^-/ 
A .Tti.T.tfS. 

iS 

KNOWN HEALTH HAZARD PRESENTED BY SAMPLL- •• 

REFERENCE TO PREVIOUS WORK (REQUEST#, JOURNAL.ETC.I •• 

COMPLEnON DATE 

ANALYTICAL TECHNIQUE ** 

• GAS CHROMATOGRAPHY 

• ULTRAVIOLET 

• VISIBLf 

• INFRARED 

• EMISSION 

• EOAXXRF 

• MICROSCOPY 

• OTHER 

OUAI SEMIOUANT.. 

• NMR 

• HPLC 

• XRD 

• ICP 
• ATOMIC ABSORr lie 

• MASS SPEC 

EfGDMS 

• AUTO ANALYZER 

OUANT 

TIAAE ALLOTED FOR ANALYSES 

ANALYST HOURS INST. TI/WE 

REQUIRED QA/QC 
•> r^Lfc 

" (rV^^iT *• i ^ 

..f rr Jr - / -

HOLD FOR • 30 DAYS DWDAYS -SAMPLE DISPOSAL: 
AFTER REPORT COMPLETF • DISCARD • RETURN 



.-t-'v -

• • #• 

CHAIR OF CUSTODY 

Project 

Location ^ 

SAMPLE NUMBER DATE COLLECTED 

2. C^^.^93C 

•• • • • 
4. ic^/S^c-zo a//s/irz^ 

5. Cfi/7yV^2^ 

1. Cr./S'^C^O 

6. 

Date Shipped 6>/'3'A-^ 

Shipped By - A<r<y<^cyr <'c^ 

Method of Shipment 

Date Recieved • iii./i's/ta. 
Received By 

Comments 

409573 
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_ _ _ Minnesota Pollution Control Agency 

June 15, 1982 

Mr. George W. Beyer, P.E. 
E. A. Hickok and Associates, Inc. 
545 Indian Mound 
Wayzata, Minnesota 55391 

Dear Mr. Boyer: 

Thank you for your submittal of July 9, 1982 regarding progress on the 
St. Louis Park Well Abandonment Program. I have several comments on your 
submittal, as follows: 

1. Copies. Please delete Mr. Jim Pankanin, USEPA, Chicago, from your 
list of people to receive copies, and substitute Mr. Paul Bitter, 
same address. I will send Mr. Bitter a copy of this submittal, and 
I apologize for not noting this change earlier. 

2. Well 23. The Minnesota Pollution Control Agency (Agency) understands 
that work on Well 23 has progressed much slower than anticipated and 
that a number of difficulties have been encountered. There were a 
number of inconsistencies and omissions in your progress report, 
however, which we would like your comments on: 

a. Starting depth. You indicate that creosote was encountered at an 
initial depth of 567.8. My notes from the 11th of June indicated 
that creosote was encountered at 574. Please explain. 

b. The progress report did not detail that fibers were found at one 
point and that, in fact, the borings were almost clean sand just 
prior to the point where the split spoon sampler was lost. I 
would hope that your field notes are, and final report.would be, 
much more detailed than your progress report is. I would prefer 
that such significant details be reported in future progress 
reports. 

Phono-
1935 West County Road B2. Rosevllle, Minnesota 55113-2785 

Regional, Offices • Duluth/Brainerd/Detroit Lakes/Marshall/Rochester 
Equal Opportunity Employer 



Mr. George W. Boyer, P.E. 
Page Two 

c. Depth 601. Your progress report indicates that a depth of 601 
was reached on Friday, June 11, 1982. Then, on Monday, June 14, 
drilling began at a depth of 593. Please explain. 

3. Search and Inventory. Your Detailed Work Plan indicated that the door-
to-door survey would being July 23, 1982. Subsequent discussions with 
the city fixed that date to July 21, 1982, and significant community 
relations efforts have been started using that date. Please do not 
start the survey until July 21, 1982 as we discussed, so that the 
survey will more effectively mesh with other activities. In the 
future, please do not move any activities ahead in the schedule without 
notifying the Agency ahead of time. I do not regard a notice which 
I receive on the day that activity will start as prior notice. 

4. Expenditures 

a. Expenses. Expenses will be approved as noted. 

b. Engineering Costs - Well 23. Certain engineering costs are in 
excess of the amount spelled out in the contract and will not be 
approved. Specifically, page 15 of the contract provides for the 
following engineering costs: 

1) Field geologist 173 hours at $36.00 per hour 

6) Interaction with state 10 hours at $78.00 per hour 

Therefore, I will approve the following engineering costs: 

144.5 hours at $36.00 per hour = 5,202.00 

10 hours at $78.00 per hour = 780.00 

TOTAL = 5,982.00 

The remaining costs of $5,593.80 are not authorized in the contract, 
were not authorized prior to expenditure as provided on page 13 of the 
contract, and will not be approved. 

It is apparent that additional time will be needed for the.field 
geologist and for interaction. Please estimate the additional time 
necessary, and inform us as soon as possible, so that the contract 
can be amended, if necessary. 

to 

c. Engineering Costs - Search and Inventory. Engineering costs will 
be approved as noted. However, the hourly rates do not match the 
rates in the contract. Please explain. 



Mr. George W. Beyer, P.E 
Page Three 

5. Delinquency. Every major item of work and report on this project have 
been late by several days to a week. While some of this delay has 
been due to circumstances beyond your control (e.g. work on Well 23), 
submission of the detailed work plan, submission of the first progress 
report, and response to my letter of June 17 have been delinquent. This 
is not satisfactory. In the future, please be more timely in your 
interactions with this office. 

I would be happy to discuss this matter with you at your earliest convenience. 

Sincerely, 

Michael J. flansel 
Regulatory Compliance Section 
Solid and Hazardous Waste Division 

MJH/dc 

cc. Paul Bitter, U.S. Environmental Protection Agency 



/ 

The University of lows 
Iowa City, Iowa 52242 

University Hygienic Laboratory 

(319) 353-5990 

20 July 1982 

E.A. Hickok and Associates 
545 Indian Mound 
Wayzata, MN 55391 

Attn; Mr. George Boyer 

RE: UHL §2-2346 

% 

'i 
•%3 

Dear George: 

Attached are the results of the "soil" analysis from St. Louis Park. 
As discussed with Ms. Patt Cain the sample was split into three fractions 
by dissolving the sample in dichloromethane (85% soluble) and extracting 
with acid (1% soluble) and then base (1% soluble). All compounds iden
tified are at concentrations greater than 10 ppm. 

Sincerely, 

T- . L cv—^ ̂ 
Armand F. Lange, Ph.D. 
Chief, Organic Analytical Division 

Im 

enclosure 

cc: Dr. Splinter 
Dr. Hahne 
Ms. Cain 
Mr. Brewer 
File 



1126 

1198 
1204 
1239 

Qualitative Analysis 
Sample 2-2346 
Acid Extract 

Scan # Compound 

826 Naphthalene 
962 2-Methyl naphthalene 
982 1-Methyl naphthalene 
979 2-Methyl quinoline 

1055 

1103 Dimethyl quinoline (3 isomers) 

1169 
1192 

1195 C3 Quinoline (6 isomers) 

1264 C4 Quinoline 
1314 9H-Carbazol.e 
1329 2-Methyl naphthylisocyanide 

,5. ,1380 9-Methyl-9H-carbazole 
1399 - N-(phenylmethyl)-benzenemethanamine 

> 1439 [l,r-Biphenyl]-2-carboxamide 
1457 Anthracene/phenanthrene 
1466 Acridine 
1476 Benzo[h]quinoline 
1497 9H-Fluoren-9-imine 
1519 Methyl acridine 



1565 
1578 
1595 

1617 
1626 

Qualitative Analysis 
Sample 2-2346 
Acid Extract 

Scan # Compound 

1555 

Methyl benzo[f]quinoline (4 isomers) 

Phenyl indole (2 isomers) 

1610 
1618 
1625 
1631 
1639 

Methyl-phenyl-IH-indole (12 isomers) 

1658 
1661 
1669 
1675 
1688 
1692 

1703 
1719 

Anthracenecarbonitrile (4 isomers) 

1788 

1809 
1821 
jggg Methyl anthracenecarbonitrile (4 isomers) 

1881 



Qualitative Analysis 
Sample 2-2346 
Acid Extract 

Scan # 

1853 
1895 
1907 

Compound 

Diphenylpyridenj 
(3 isomers) 

2040 
2047 Methy] benzlchcrUene (2 

2451 Dibenz[a,jJacridene 

C3. C4 etc - the c«p„u„d hes additional Methyl (CH3). Ethy, (CH3. 

2) etc. Groups attached to total the subscripted 
number of additional carbon atoms. . 

-his-

,-1 

•U-- .T^.y 

,, -•( • 



Qualitative Analysis 
Sample 2-2346 

Base Extract 

Scan # Compound 

850 Naphthalene 
992 2-Methyl naphthalene 

1012 1-Methyl naphthalene 

1121 
1137 

1141 Cg Naphthalene * (4 isomers) 
1159 

1172 Acenaphthylene 
1209 1,2-Dihydroacenaphthy.lene 
1244 Dibenzofuran 
1244 Naphthalenol 
1311 9H-Fluorene 
1341 Methyl naphthalenol 
1442 Diipethyl-1-naphthol 

1489 Dibenzodioxin (2 isomers) 
1556 

* 1 y* t, 

1502 Anthracene/Phenanthrene 
1528; . 3-ffethoxy-l,l*-biphenyl , i; 

1569 
1586 Jie:t;lTyl dibenzothiophene (4 isomers) A 

'•h 
1662 
1674 •".1. 

1639 Methyl 9H-Pyrido[3,4-b3indol-7-ol (2 isomers) ' -
1650 i i • 

•) * • 
I' 



Qualitative Analysis 

Sample 2-2346 

Base Extract 

Page,-?.' r 

. • *• .•; • 
Scan # 

1608 
1628 

Compound 

Methyl dibenzofuran (2 isomers) 

1742 
1785 
1794 

1804 

Fluoranthene 
Pyrene 
4-Methyl benzo[c]cinnoline 
1-Phenanthrenol 

't 

V •' i"( ' 

etc The compound has additional Methyl(CH^). Ethyl(CH2CH2) etc. i 
Groups .attached to total the subscripted number of additional carbon atoms. A 

.. - ^ v^-r.' 

A? 

\ \I." 

• h. 
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•'1 • 

.V-'SS 

• • •• •"'! ' 
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Qualitative Analysis 

Sample 2-2346 

Neutral Extract 

Scan # 

362 

374 
411 

Compound 

Ethyl benzene 

Xylene (3 isomers) 

524 
533 
573 
618 

Cj Benzene (4 isomers) 

638 
652 

1-Propenyl benzene 
IH-Indene 

672 
703 
712 
756 
762 

Benzene (5 isomers) 

714 
728 
741 
769 
789 

1-Ethenyl-3-ethylbenzene 
l-Ethenyl-3,5-dimethylbenzene 
Methyl benzofuran 
1-Methy1-2-(2-propenyl)benzene 
2,3-Di hydro-4-methy1-IH-i ndene 

804 
812 
824 

Methyl-IH-indene (3 i somers) 

856 
863 
866 

Naphthalene 
Benzo[b]thiophene 
Methyl decane 



Scan # 

930 
935 
942 
945 
956 
997 
1005 
1017 
1093 

1110 
1123 
1140 
1144 
1162 
1179 

1131 
1150 

1175 

1208 
1218 
1270 
1283 
1259 

1213 

Page 

Qualitative Analysis 

Sample 2-2346 
Neutral Extract 

Compound 

1.2-Dihydro-2-methyl naphthalene 
2.3-Dihydro-4,7-dimethyl-lH-indene 
l,2-Dihydro-3-methyl naphthalene 

1.1-Dimethyl-lH-indene 
1.2-Dihydro-6-methyl naphthalene 
2-Methy.l naphthalene 
6-Methyl benzo[b]thiophene 
1-Methyl naphthalene 
l,r-Bi phenyl 

Cg Naphthalene 
(6 isomers) 

Di hydroacenaphthy1ene (2 isomers) 

Acenaphthylene 

Methyl-l,r-bi phenyl (5 isomers) 

Acenaphthene 

, ' • ' Vv A • 

. > - r' 

• f 

•.n 

• ' 'V' 

'i • I 

-•mw 

r.': ? • 

> %m 
.-.i'- - .' •• 

t 
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Qualitative Analysis 
Sample 2-2346 
Neutral Extract 

V-,:. 

Scan # 

1229 
1246 

Compound 

2-(l-Methylethyl)-naphthalene 
Di benzofuran 

1252 
1258 
1275 
1278 
1292 

Cg Naphthalene (5 isomers) 

1295 
1316 
1340 

IH-Phenalene 
9H-Fluorene 
l-(2-Propenyl)-naphthalene 

1351 
1364 
1376 

Methyl dibenzofuran (3 isomers) 

1386 
1397 
1406 

Dimethyl Biphenyl 
1-Methyl -7- (l-methy lethy 1) - naphthalene 
9,10-Dihydrophenanthrene 

1427 
1434 
1444 

Methyl-9H-fl uorene (3 isomers) 

1459 

1480 

1510 

1545 
1555 

2-Methoxy-9H-fluorene 

DibenzotHiopheine 

Anthrapene/Phenanthrene 
Dimethyl-9H-fluorene 
9H-Carbazole 



Qualitative Analysis 
Sample 2-2346 
Neutral Extract 

Page 4 

Scan # 
1571 

Compound 
1-Phenyl naphthalene 

1605 
1611 
1619 
1628 
1632 

Methyl phenanthrene (5 isomers) 

1697 
1704 
1720 

Cg Phenanthrene (3 isomers) 

1747 
1790 

Fluoranthene 
Pyrene 

1839 
1860 

Methyl pyrene (2 isomers) 

1873 
1893 
1947 
1983 
1990 

2031 
2039 
2054 

llH-Benzo[a]fluorene • 

IIH-Benzo [blfliiorene 

1,1':2M"-Terphenyl 
Benzo[b]naphtho[1,2-d]thi ophene 
Benzo[c]phenanthrene 
Chrysene 
Benz[a]anthracene 

triphenylene 

2106 
2114 
2121 
2131 

Methyl 
chrysene 
benz[a]anthracene 
triphenylene 

(4 isomers) 



Page 5. 

Qualitative Analysis 
Sample 2-2346 
Neutral Extract 

Scan # Compound 

2239 Benzo[klfluoranthene 
2256 Benzo[j1f1uoranthene 
2289 Benzo[elpyrene 
2300 Benzo[a]pyrene 

2317 Perylene 
2577 Indeno[l,2,3,-cdlpyrene 
2585 Dibenzanthracene 
2651 Benzo(ghi)perylene 
3088 Dibenzpyrene 

* 63,0^ etc The compound has additional Methyl(CHj), Ethyl(CH3CH^) etc. 
Groups attached to total the subscripted number of additional carbon atoms. 
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pQ ST. LOUIS PARK GROUNDWATER CONTAMINATION STUDY 
^ LITERATURE REVIEW - ACCEPTABLE CONTAMINANT LEVELS 

• 

• ACCEPTABLE CONTAMINANT LEVELS, OR 
CRITERIA, ARE PROPOSED FOR POLYNUCLEAR AROMATIC HYDROCARBONS 

(PAH) IN WATER AND SOIL, AS RELATED TO SOIL AND GROUNDWATER 
CONTAMINATION FROM THE FORMER REPUBLIC CREOSOTE SITE IN 
ST. LOUIS PARK, MINNESOTA. CRITERIA ARE PROPOSED FOR (1) 
GROUNDVJATER, (2) SOIL, (3) DISCHARGE TO SURFACE WATER, AND 
(4). DISCHARGE TO SANITARY SEVffiR, AND ARE BASED ON EPA CRITER^ 
AND LABORATORY DETECTION LIMITS. CRITERIA ARE PROPOSED FOR 
INDIVIDUAL PAH COMPOUNDS. INCLUDING BOTH KNOWN CARCINOGENS AND 
OTHER PAH. AN AI>1N0TATED BIBLIOGRAPHY IS INCLUDED. THIS 
MEMORANDUM REPl^ESENTS COMPLETION OF TASK 1040 OF THE REFERENCED 
PROJECT. 
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LlTERATUKli RDVIRW - ACCKRTABLR CONTAMINANT LEVELS 

I . INTRODUCTION 

This rnernorandum proposes acceptable ccntamiiiant levels (criteria) 
for polynuclear aromatic hydrocarbons (PAH) in water and soil. 
Criteria for PAH are required for a rational approach to cleaning 
up soil and groundwater contamination from the former;Republic 
Creosote site in St. Louis Park. 

Criteria for the following are proposed; 

- Groundwater 
. - Soil' 
- Discharge to surface water 
- Discharge to sanitary sewer 

Also included in this memorandum is an annotated bibliography of 
the literature reviewed. 

By way of background, two agencies in recent years have established 
PAH criteria for waters. The World Health Organization in'1971 
specified a maximum permissible concentration in drinking water of 
200 ng/1 for the sum of six PAH compounds (f1uoranthene, benzo(a) 
pyrene, benzo(b) fluoranthene, benzo(k) fluoranthene, benzo(g,h,i) 
perylene and indeno (l,2,3-c,d) pyrene). .Ihis criterion doep; no't-
have a firm toxicological basis and ha^ generally come to be 
regarded as obsolete. The U. S. Environmental Protection Agency 
(EPA) published ambient water quality criteria for PAH in 1978, 
with an updated version in Oct.ober 1980. This will be discussed 
in the sequel. 

The primary concern over,PAH c;ontamination stems from the cancer-
causing, or carcinogenic, property of a nun;ber of PAH compounds. 
Some 12 PAH compounds are listed as "having substantial evidence 
of carcinogenicity" in the July 14, 1980 EEA publication, "The 
Carcinogen Assessment Group's List of Carcinogens." These 
compounds are shown in Table 1 - Carc Lnoger.ic PAH. It should be 
noted that this list is almost, surely incomplete; relatively few 
of the many PAH compounds have been thoroughly investigated for 
carcinogenicity. 

II. REVIEW OF CRITERIA PUBLISHED BY EPA 

It is widely held that there is no threshold level for carcinogens, 
that is, a level of exposure below which there is no carcinogenic 
effect. Instead, it is believed that very low exposure does cause 
cancer, but at a proportionat<jly low rate of incidence. 

This concept is embodied in the Octobjr 1980 EPA document, "Ambient 
Water Quality Criteria for Polynuclea" Aromatic Hydrocarbons," 
which states; 



SOURCE 

TA13LE 1 - CARCINOGENIC RAll 

Benz(a)anthracene 

Benzo{a)pyrene 

Ben2o(b)fluoranthene 

Ben2o(j)fluroanthene 

Chrysene 

Dibenz(a,h)anthracene 

Dibenzo(a,e)pyrene 

Dibenzo(a.b)pyrene 

Dibenzo(a.i)pyrene 

7.12-diinethylbenz(a)anthracene 

Indeno(l,2,3-c.d)pyrene 

3-Methylcholanthrene 

"'pv»*> Carcinogen 
3: U. S. LUt^^Ca^cin^Sns," J"lY 1"' 1®®°' 

Assessmeat Group 3 List or ta j 
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Tor the ntaximurn protection of luiiian hcaltli from the 
potential carcinogenic effects due to exposure of 
polyniiclear aromatic hydrocarbons thrc ugh ingestion 
of contaminated water and contarti ina ted aquatic 
organisms, the ambient water concentration should be 
zero based on the non-threshold .iSsum£tion for this 
chemical. 

Although this statement may appear loijical taken at face value, 
there are three serious objections to the specification of a zero 
criter ion. 

First, no chemical process is capable of ahsolute, or 100 percent, 
efficiency. Thus, treatment of any water contaminated with PAH 
cannot reasonably be expected to yield water meeting a zero 
criterion. This is a constraint imposed by natural law. 
(Incidentally, there are certain literature: references to 
activated carbon adsorption efficiencies oi 100 percent for some 
PAH compounds; however, this is a result ol numerical round off of 
some actual efficiency s-uch as 99.95 percent. The truth of the 
matter is, the only road to 100 percent efficiency is an infinite 
succession of additional 9's following 99. percent.) 

The second objection to a zero criterion is based on the ubiquity 
of PAH in the earth's environment. The literature reveals that 
PAH are detected in raw and finished drinkxng water sources in the 
U. S. and elsewhere, German groundwater, Belgian aquifers, 
Norwegian snow, Russian rivers, urban and irural air in Japan, the 
U. S. and elsewhere, marine and lake sediments, fresh vegetables, 
meats and fish, grain products, and, as raj-e minerals, in certain 
geologic formations. The major source of J'AH in the environment 
is believed to be fossil fuel combustion, so its widespread 
occurrence is not surprising in light of the possibilities for 
atmospheric distribution. However, natural fires surely 
contribute some background of PAH, as does incomplete combustion 
of most any organic or biogenic material. 

In any case, it appears unlikely that a zero level of PAH exists 
in any environmental sample from any region of the biosphere, 
excepting perhaps igneous rock and any rock formed prior to the 
era of terrestrial life. This bold assertion is made with the 
knowledge that impioved analytical techniques have in recent years 
yielded lower and lower limits of detection for PAH. 

Which points to the third objection; despite the great analytical 
advances, a zero level of PAH cannot be measured. Just as no 
chemical process can be 100 percent effici-int, no analytical 
technique can achieve a zero detection limit. Therefore there is 
no way to monitor a zero criterion. 

Perhaps iiv recognition of the above objections, the October 1980 
EPA document modifies the previously quote.1 statement with the 
following: 
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llov/ov-T, zero level nieiy not be attainable at the present 
time. 'llierefore, the levels which may result in incremental 
incro ISO of cancer risk over the lifetime are estimated at 
10~5, 10"^ and 10"'. The corresponding recommended 
criteria are 28.0 ng/1, 2.8 ng/1 and 0.28 ng/l, respectively. 

These L'PA criteria are based on a study of the specific compound 
benzo(a)pyrene (daP). BaP is believed to be the most potent 
carcinogen of th..- PAH. Tlierefore it is conservative, ,and 
"reasonable, to use BaP as a basis for other PAH criteria. One 
way to do this is to apply a concentration limit determined for 
BaP to other individual PAH compounds. Another way is to require 
the sum of PAH c<jncentrations to meet a limit originally 
determined for BaP alone. Both procedures are conservative, but 
the second one is extremely so, and is particularly difficult to 
work with because the laboratory detection limits for many PAH 
exceed the stated concentration limits. For this reason, setting 
limits for individual compounds is preferable. 

III. PROPOSED CRITERIA 

The criteria proposed here are based on the EPA criteria, as 
applied to individual PAH compounds. A combination of risk level 
and detection limits determines the si'ecific limits. Separate 
criteria are proposed for those PAH known to be carcinogenic, and 
for all other PAH. Limits for "other PAH" are set due to concern 
for synergistic effects (for example, certain non-carcinogenic PAH 
have been shown to enhance the carcinogenicity of certain PAH 
carcinogens') . Criteria for potable water are first proposed. 

The Minnesota Department of Health has commonly adopted a risk 
level of 10~5 for single chemical species. However, a risk level 
of 10~6 is more appropriate for individual carcinogenic PAH 
compounds, since several such compounds can occur together in 
creosote-contaminated water. The 10"^ risk level corresponds to a 
concentration limit of 2.8 ng/1 for carcinogenic PAH. This is the 
proposed acceptable level for carcinofjenic PAH; however, it _Ls 
proposed to f"nnc;iHp>r the detection limit as the criterion whenever 
the detection limit exceeds 2.8 ng/l. Detection limits vary from 
compound to compound, from laboratory to laboratory, from sample 
to sample, and from time to time-_ 

The Minnesota Department of Health laboratory can at present 
measure half or tnore of the 12 known PAH carcinogens. In this 
laboratory, the likely range of detection limits is 0.5 - 10.0 ng/l 
for the carcinogenic PAH. 

For other PAH, a concentration limit of 28.0 ng/l is propo^e,d. 
This corresponds to a 1^"^ risk level for BaP, but TE cannot be 
related to a risk level for these "otlier PAH" since they are (at 
least presumably) non-carcinogenic. 'ihis is a purely judgmental 
_l_imit. It is intended to prevent substantial synergism with 
"carcinogenic PAH possibly present at low levels. As with the 
carcinogenic limit, whenever a detection exceeds 28.0 ng/l it 
serves to define the acceptable level in that case. 

In summary, PAH criteria for potable water are proposed as follows: 

- . -4- • 
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Proposed PAIl Crltorla for Potable Water; 

(1) For each PAll compound designated as carcinogenic, the 
concentration must be less than 2.8 ng/1 or the laboratory 
detection limit for the compound, whicliever is greater; 

(2) for each PAH compound not designated as carcinogenic, 
the concentration must be less than 28.0 ng/1 or the 
laboratory detection limit for the compound, whichever is 
greater. 

The potable water criteria form the basis for acceptable levels of 
PAH in groundwater, soil, discharge to surface water, and 
discharge to sanitary sewer, as discussed in the following 
paragraphs. 

Groindwater. The proposed criteria for groundwater are identical 
with those for potable water. Groundwater in the region is 
generally of excellent quality, and is widely and heavily used for 
drinking water. 

Soil. The proposed criteria for soil are determined by 
multiplying the potable water criteria (2.8 ng/1 and 28.0 ng/1, 
resjactively, for carcinogenic and "other" PAH) by a Sorption 
Factor, which describes the tendency for a compound to be adsorbed 
by (i.e., adhere to) soil particles. The Sorption Fartnr is the 

r»f aH Qor <-r. j c;sni yecl concentrations of a compound at 
equilibrium; it is also ca1 1 ed "partition constant." Based on 
recent studies by J. C. Means ̂  (1979, 1980), the Sorption 
Factor can exceed 30,000 for certain PAH coiapounds in certain 
soils, and a minimum value of 500 appears to be reasonable for the 
Sorption Factor for carcinogenic PAH. ,It is recommended that this 
value 1500)—b<a P^dnptpd unless more de_tailed information 
light. This would imply soil PAH limits of 1.4^0 nQ/kq~~f^r 
carcinogenic PAH, and 14,000 ng/kg for "other" PAEl. As before, 
the detection limit would over-ride when it exceeds the stated " 
1imi t. 

The column studies by Professor Pfannkuch at the University of 
Minnesota currently being done for the Minnesota Department of 
Health and U.S. Geological Survey may provide useful information 
in refining the Sorption Factor. Alternatively, where the organic 
carbon content of soil is known or estimated. Means (1980) 
have discovered a good relationship between a PAH compound's 
aqueous solubility, S, and a parameter (KQ^^) closely akin to the 
Sorption Factor. The relationship with S is; 

log KQC = -0.82 log S + 4.07 

and from and percent organic carbon content (% Org-C) of the 
soil, the Sorption Factor is determined by; 

Sorption Factor = (KQ^) X (% Org-C) _o 

A paper by Yalkowsky and Valvani (1979) gives additional 
Information useful for determining Sorption Factor values 
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Discharqe to Surface Water. Tlie proposed criteria for discharge 
to surface water are very strict, due to the possibility of 
bioconcontration in fish which may be consurned by humans. ITiis 
will be illustrated by considering discliarge to the Mississippi 
River. 

In this case there is a critical population group in the IVin 
Cities which consumes largo amounts of fish taken from the 
Mississippi River. Tlie daily intake of river fish may be on the 
order of one pound (0.4356 kg) for members of this group. The 
ingestion rate of a particular PAH associated with this fish 
intake can be estimated for a hypothetical concentration of the 
PAH in the river water by the following formula: 

PAH Intake = (0.4536 kg/day) x BF x C„ 

in which C^, = river water concentration of the PAH, and BP = 
bioconcentration factor (ratio of PAH concentration in organism -
in this case, fish - to concentration in water, following period 
of equilibration). 

Various investigators have found bioconcentration factors of 500 
(Southworth, 1977; for anthracene with fathead minnows) and 900 
(Lu et al., 1977, cited on page B-1 of the EPA October 1980 
Criteria document; for BaP with mosquitofish). ^The evidence is 
scant, but a value of 700 appears reasonably typical for BE in the 

formula. j ~ 

The river water concentration, C^, which results in a daily PAH 
intake equal to that in drinking water, at its limiting 
concentration, can now be determined. For a particular 
carcinogenic PAH in drinking water, consumption of two liters per 
day at the limiting concentration of 2.8 ng/1 implies a daily 
intake of 5.6 ng. Substituting this in the previously given 
formula (along with BF = 700), 

5.6 ng/day = (0.4536 kg/day) x 700 x C^ 

and solving for Cy, yields a river concentration of 0.018 ng/l. 
(Note 1 1. water has mass 1 kg.) This limit is less than one 
hundredth that for drinking water. 

Allowance could be made for dilution in the case of discharge to 
the river. The daily low flow of record for the Mississippi River 
in the metropolitan area appears to have occurred at Lock and 
Dam Number 1 on September 1, 1976. (Special river studies were 
carried out cooperatively by the U.S. Geological Survey with local 
agencies during the drought period in 1976.) The measured stream-
flow was 219 cubic feet per second. 

Gradient control wells in the shallower aquifers in St. Louis 
Park ( i . e . , . excl ud ing tlie Prairie du Chion-Jordan and deeper 
aquifers, from which pumped water is likely to be treated and used 
as water supply) may procJuce a total flow on the order of 800 
gallons per minute, or 1.8 cubic feet per second. 
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The resulting dilution fcictor (219/1.0) is 122, and applying this 
to tlie river concentration 1 ifriit of 0.010 ng/l yields an allowable 

iient f^n<-entration of 2.2 ng/l. This is roughly equal to the 
drinking water limit. 

ro sum up, discharge to the Mississippi River is severely constrained 
Iby the possibility of PAH bioconcentration. In fact, under the 
/assumption that a critical population group consumes one pound of 
'TTississippi fish per person daily, the effluent quality would need 
to be comparable to drinking water. 

Note that smaller dilution factors will result for other surface 
waters in the area. Minnehaha Creek, for example, exhibits zero 
flow occasionally. This implies a dilution factor of unity. 
Thus, discharge to the Creek could possibly need to be of much 
higher quality than drinking water. 

The criteria proposed for discharge to surface water therefore 
depend on characteristics of the receiving water. For discharge 
to the Mississippi River, it is proposed to adopt the potable 
water criteria, since these approximate the results of the 
analysis above. Specific criteria are not proposed at present for 
other receiving waters. 

Discharge to.s^m'^-^ry Sewer. The criteria for discharge to 
sanitary sewer are intended to insure that tlie Metropolitan 
Wastewater Treatment Plant at Pig's Eye meets the criteria for 
surface water discharge to the Mississippi River. For this 
purpose, the potable water criteria are multiplied by a Dilution 
Factor. 

This factor is the ratio of total wastewater flow at Pig's Eye to 
the total pumpage from gradient control wells discharging to the 
sewer. The total wastewater flow is on the order of 200 million 
gallons per day, and total pumpage from the shallower control 
wells, again, is likely to be about 800 gallons per minute 
(1.2 million gallons per day). 

The resulting Dilution Factor is then approximately 167. This 
implies concentration limits of 468 ng/l for each carcinogenic 
PAH, and 4,680 ng/l for ot-hpr i ru±i-vidnaT—PAH compound"sT Tfres^~~aife 
representative numbers, based on approximate or preliminary 
estimates of flow. And again, the detection limit would define the 
acceptable level for a compound whenever it exceeds the specified 
1imits. 

Summary. Table 2 - Proposed Environmental PAH Criteria, 
summarizes the above discussion. Note once again that the EPA 
criteria are the primary basis for the proposed criteria. Also, 
the detection limit in a given case serves as the acceptable level 
whenever the detection limit exceeds the limit derived from EPA 
criteria. 
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TABLL: 2 - PROPOSUD ENVIKONML'NTAL PAll CRITERIA 

GROUNDWATER; (1) For each PAU compound designated as 
carcTrTogtTn 1 c, tlie concentration must be less than 2.8 ng/1 or 
the laboratory detection limit for the compound, whichever is 
greater; (2) for each PAH compound not designated as carcinogenic, 
the concentratl<3n must be less than 28.0 ng/1 or the detection 
limit for the compound, whichever is greater. 

SOIL; (1) For each PAH compound designated as carcinogenic, the 
concentration must be less than 2.8 ng/kg multiplied by a Sorption 
Factor, or the detection limit for the compound, whichever is 
greater; (2) for each PAH compound not designated as carcinogenic, 
the concentration must be less than 28.0 ng/kg multiplied by a 
Sorption Factor, or the detection limit for the compound, 
whichever is greater. (See text for discussion of Sorption Factor.) 

DISCHARGE TO SURFACE WATER; For discharge to the Mississippi 
River, the proposed criteria are identical with those for 
groundwater. (See text for discussion.) 

DISCHARGE TO SANITARY SEWER: (1) For each PAH compound designated 
as carcinogenic, the concentration must be less than 2.8 ng/1 
multiplied by a Dilution Factor, or the detection limit for the 
compound, whichever is greater; (2) for each PAH compound not 
designated as carcinogenic, the concentration must be less than 
28.0 ng/1 multiplied by a Dilution Factor, or the detection limit, 
whichever is greater. (See text for discussion of Dilution 
Factor.) 
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IV. BRIKl'^ l3lBLI0GiU\PHY 

The fol.lowlncj relate directly to the above discussion of criteria. 
Other background documents appear in the annotated bibliography 
comprising the final section of this memorandum. 
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Standard for Drinking Water, Geneva. 

2. U. S. Environmental Protection Agency (July 14, 1980), "The 
Carcinogen Assessment Group's List of Carcinogens," 25 pp. 

3. U. S. Environmental Protection Agency (October 1980), "Ambient 
Water Quality Criteria for Polynuclear Aromatic Hydrocarbons," 
Wash., D.C., 199 pp. 

4. Means, J. C., J. J. Hassett, S. G. Wood and W. L. Banwart 
(1979), "Sorption Properties of Energy-Related Pollutants and 
Sediments," in Jones and Leber, ed., Polynuclear Aromatic 
Hydrocarbons, Third International Symposium on Chemistry and 
Biology - Carcinogenesis and Mutagenesis, Ann Arbon Science, 
Ann Arbor, pp. 327-340. 

5. Means, J. C., S. G. Wood, J. J. Hassett and W. L. Banwart 
(December 1980), "Sorption of Polynuclear Aromatic 
Hydrocarbons by Sediments and Soils," Environmental Science 
and Technology, vol. 14, no. 12, pp. 15^24-1528^ 

V. ANNC'TATED BIBLIOGRAPHY 
The references listed here are organized under the following 
headings; 

A. EPA Documents 

B. Levels in Drinking Water 

C. Environmental Levels and Sources 

D. Sorption 

E. Environmental Fate 

F. Hazard and Risk 

G. Case Studies 

H. Measurement 

To avoid confusion, the numbering of references is continuous 
throughout. 
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A. EPA DOCUMENTS 

1. U.S. Environmental Protection Agency (July 14, 
1980), "The Carcinogen Assessment Groups' List of 
Carcinogens". 

Lists "chemical substances for which substantial or 
strong evidence exists showing that exposure to these 
chemicals, under certain conditions, causes cancer in 
humans, or can cause cancer in animal species which in 
turn, makes them potentially carcinogenic in humans." 
Information sources were International Agency for 
Research on Cancer, National Toxicology Program 
(formerly National Cancer Institute bioassay Program), 
Food and Drug Administration, and previous evaluations 
by EPA's Carcinogen Assessment Group. 

2. U.S. EPA (October, 1980), "Ambient Water Quality 
Criteria for Polynuclear Aromatic Hydrocarbons", 
Washington D.C. 

Proposes PAH water quality criteria (intended for sur
face waters) and thoroughly reviews pertinent 
information. The information review covers PAH levels 
in drinking water, food and the environment, as well as 
human health effects and toxicity to aquatic organisms. 
The proposed criteria, however, are ambiguous. On Page 
C-180 (under "Summary of Pertinent Data" in the appendix) 
the document clearly implies that a criterion is given 
only for benzo(a)pyrene (BaP): 

"The water quality criterion for baP is based on 
the experiment reported by Neal and Rigdon (1967).. 
..The result is that the water concentration of baP 
should be less than 28 ng/l in order to keep the 
individual lifetime risk below 10~^. It is 
recognized that numerous carcinogenic PAH other 
than baP are found in water. however, there is 
probably little need to derive criteria for all such 
PAH, since efforts to reduce BaP levels to within 
acceptable limits will result in the reduction of 
all PAH." 

But on the preceding page (Page C-179, under "Summary 
and Conclusion Regarding the Carcinogenicity of 
Polynuclear Aromatic Hydrocarbons (PAli)" in the 
appendix), the document presents the same numerical cri
terion as applicable to the sum of carcinogenic PAH; 
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"The water quality criterion for carcinoyenic I'M! 
compounds is based on the assumption that each coru-
pound is as potent as hah and that the c^^rcinoyenic 
effect of tlie compounds is proportiorial to the suiii 
of their concentrations. Based on an oral feediny 
study of BaP in mice, the concentration of BaP 
estimated to result in a lifetime risk of 10"^ is 
28 ny/1. Therefore, with the assumption above, the 
sum of concentrations of ail carcinoyenic PAli com
pounds should be less than 28 ng/l in order to keep 

' the lifetime cancer risk below 10"^." 

And finally, on the report's very first page of text 
(page vi, which is headed "Criteria Document"), the 
document gives numerically equivalent criteria for, 
simply, "polynuclear aromatic hydrocarbons" - which 
seems to mean the sum of all PAH; 

"For the maximum protection of human health frora 
the potential carcinogenic effects due to exposure 
of polynuclear aromatic hydrocarbons through 
injestion of contaminated water and contaminatea 
aquatic organisms, the anibient water concentratton 
should be zero based on the non-threshold assump
tion for this chemical. However, zero level may 
not be attainable at' the present time. Therefore, 
the levels which may result in incremental increase 
of cancer risk over the lifetime are estimatec at 
10~5, 10"^, and 10"^. The corresponding recom
mended criteria are 28.0 ng/l, 2.8 ng/l, and 0.28 
ng/l, respectively. 

The EPA document nowhere compares the merits of these 
three different interpretations. 

3. Sorrell, R. K., H. J. Brass and R. Reding (date unknown), "A 
Review of Occurrences and Treatment of Polynuclear Aromatic 
Hydrocarbons", U.S. EPA Cincinnati. 

Literature review of PAH contamination of raw, finished and 
distributed drinking waters. Included are PAii concentrations 
measured in ground and surface waters in Germany, surface 
waters in the Soviet Union and England, and in raw and 
treated drinking water supplies of 24 cities throughout the 
U.S"Concentrations of PAH's in drinking water sources range 
from nanogram to microgram-per-liter quantities", states the 
report. Effectiveness of treatment processes is also 
reviewed. 
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4. U.S. Ul'A (liate unknown)# "Listing liackgrourul Document - Wood 
Preserving". 

For wooil preserving processes that use creosote or , 
pentac)i J .t rophena 1, this document states; "The Administrator 
[of EPA] has determined t)iat wastewater from these wood pre
serving j)rocesses and the resulting bottom sediment sludges 
from wastewater treatment are solid wastes that niay pose a 
substantial present or potential hazard to human health or 
the environment when improperly treated, stored, disposed of 
or otherwise managed, and therefore should be subject to 
appropri.ite management requirements under Subtitle C of 
RCRA." The document supports this conclusion with data and 
responds to comments from the wood preserving industry on an 
earlier version of the listing. 

B. LEVI;LS IN DRINKING WATER 

(Noi.e that references 2 and 3 contain additional information in 
this category.) 

5. Basu, D. K. and J. Saxena (1978), "Polynuclear Aromatic 
Hydrocarbons in Selected U.S. Drinking Waters and Their Raw 
Water Sources," Environ. Sci. Technol., Vol. 12, No. 7. 

Detected PAH in ng/1 range in all raw and treated waters from 
10 eastern U.S. water supplies. 

6. Benoit, F. M., G. L. Lebel and D. T. Williams (1979), 
"Polycyclic Aromatic Hydrocarbon Levels in Eastern Ontario 
Drinking Waters, 1978," B. Env. Contam. & Tox., Vol. 23, 
No. 6 

Concentrations of individual, low-molecular-weight PAH ranged 
from 0.04 - 6.4 ng/1 in treated waters and from 0.1 - 34.4 
ng/1 in raw waters, for five eastern Ontario municipal water 
supplies. 

7. Quaghebeur, D. and E. DeWulf (1978), "Polynuclear 
Aromatic Hydrocarbons in the Main Belgian Aquifers," 
Science of the Total Env., Vol. 10, No. 33. 

Low concentrations of PAH were found in the aquifers of 
the six main geological formations in Belgium, where 
groundwater accounts for 65 percent of drinking water 
supply. 
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C. liNVlKONMCNTAl. LI::VL;LS AND SOUKCDS 

8. Dorneff, J. and M. Kunte (1967), "Carcinogens in 
Water and Soil. XIX. Effect of Sewage 
Purification on Polycyclic Aromatic Compounds," 

' translated by H. Tobias from Arch. Ilyg. Hakteriol., 
151. 

Finds that sewage from hociseholds and industry, as 
well as street runoff, contains considerable quan
tities of PAH. Sewage treatment reduces car
cinogenic PAH (primary settling to about half, 
activated sludge to ambient river water levels). 

,9. Blumer, M. and W. W. Youngblood (1975), "Polycylic 
Aromatic Hydrocarbons in Soils and Recent 
Sediments," Science, Vol. 188. 

Finds that soils and recent marine sediments con
tain a variety of PAH. In a wide range of deposi-
tional environments, the series of alkyl homologs 
of the PAH are highly similar in molecular weight 
distribution. The evidence suggests that natural 
fires produce the PAH, and air movement mixes and 
disperses them prior to deposition. 

10. Blumer, M. (1975), "Curtisite, Idrialite and 
Pendletonite, Polycyclic Aromatic Hydrocarbon 
Minerals. Their Composition and Origin," Chemical 
Geology, 16. 

Analysis of these "rare polycyclic aromatic hydro
carbon minerals" reveals the composition of pendle-
tonite as nearly pure coronene, while that of the 
other minerals includes over 100 PAH and related 
compounds. The origin of these minerals is medium-
temperature pyrolysis of organic matter. 

11. Blumer, M., W. Blumer and T. Reich (1977), 
"Polycyclic Aromatic Hydrocarbons in Soils of a 
Mountain Valley; Correlation with Highway Traffic 
and Cancer Incidence,"• Environ. Sci. & Technol., 
Vol. 11, No. 12. 

Soil PAH near a Swiss mountain tower correlated 
with proximity to a highway. PAH ranged from 300 
mg/kg (dry soil) near tlie highway, to 4-8 mg/kg in 
the higher surrounding Alps. (Correlation with 
cancer is indirect.) 

00^628 
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12. Dcivios, I. W. , R. M. Harrison, K. Perry, D. 
Ratnayaka and H. A. Wellings (1976), "Municipal 
Incinerator as Source of Polynuclear Aromatic 
Hydrocarbons in Environment," Environ. Sci. a 
Teclinol. , Vol. 10, No. 5. 

Finds that incomplete combustion of municipal 
refuse in a continuous feed incinerator produced 
PAH. Ash waste, stack gases and wastewater from 
the incinerator plant all contained PAH. 

13. Dunn, B. P. and J. Fee (1979), "Polycyclic Aromatic 
Hydrocarbon Carcinogens in Conunercial Seafoods," 
Canadian J. Fisheries k Aquatic Sciences, Vol- 36, 
No. 12. 

Wet weight concentrations of benzo(a)pyrene ranged 
from 0.8 - 7.9 ug/kg in commercial lobsters, and 
from below 10 - 36 ug/kg in other shellfish. 
Vertebrate fish not packed in vegetable oil con
tained no detectable BaP. For lobsters, creosote 
contamination during impoundment was implicated as 
a cause. 

14. Faoro, R. B. and J. A. Manning (1981), "Trends in 
Benzo(a)pyrene, 1966-77," Journ. Air Poll. Control 

• ^ssoc., Vol. 31, No. 1. 

BaP concentrations in urban air have decreased from 
approximately 4.0 ng/cu m to less than 1.0 ng/cu m 
between 1966 and 1977 (averages for 26 U.S. 
cities). The decrease is priinarily attributed to 
decreased use of coal for residential heating; 
open-burning bans and coke oven emission controls 
also contributed to the decrease. In 1975, BaP 
emissions in the U.S. were mainly accounted for by 
coke ovens (38%), wood burning for heat (25%), coal 
refuse fires (17%) and residential coal furnaces 
(9%). 

15. Griiiuiier, G., H. Boehnke and A. Glaser (1977), 
"Polycyclische Arornatische Koh lenwassers tof f e Ini 
•Abgas Von Kraftfahrzeugen" [Polycyclic Aromatic 
Hydrocarbons in the Automotive Exhaust Gas], Erdoel 
Kolile Erdgas Petrochem Ver Brennst Chem, Vol. 30, 
No. 9. 
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PA!i in car exliaust and fuel was investigated. 
Comparison reveals tliat most PAH in fuel is 
destroyed in combustion, while new and different 
PAH are produced in the same process. 

16. Gubergrits, M. Ya. (1970), "Protection of the 
Environment from Carcinogenic Pollutants in the 
Thermal Processing of Solid Fuels," Solid Fuel 
Chem., Vol. 12, No. 5. 

This Soviet study finds that thermal processing of 
solid fuels (shale and coal) produces substantial 
benzpyrene, mostly concentrated in the tar and tar 
waters. The initial fuels contain limited amount 
of BP. 

17. Heit, M. (1979), "Concentrations of Benzo(a)Pyrene 
in the Sediments of Six Western United States 
Lakes," Water, Air, Soil Pollution, Vol. 11, No. 4. 

Lake sediment concentrations of BaP ranged up to 
305 ug/kg, found in a Los Angeles reservoir. 

18. Hites, R. A., R. E. LaFlamme and J. W. Farrington 
(1977), "Sedimentary Polycyclic Aromatic 
Hydrocarbons: The Historical Record", Science, Vol. 
189, P. 829. 

Investigated PAH in dated sediment cores from 
Buzzards Bay, Mass. Some low-level background is 
thought to be from natural sources, but most of the 
sedimentary PAH appears to have come from fossil 
fuel combustion. 

19. Shabad, L. M. and G. A. Smirnov (1972), "Aircraft 
Engines as a Source of Carcinogenic Pollution of 
the Environment [Benzo(a)pyrene Studies]," Atmos. 
Environ., Vol. 6, No. 3. 

Soviet study finds that both piston and turbine 
aircraft engines produce BaP in exhaust and soot. 
Rate of BaP release is from 2-10 mg per minute for 
modern aircraft engines. 

20. Williams, R. L. (1979), "Benxo(a)pyrene Emissions 
from Gasoline and Diesel Automobiles," SAE Preprint 
No. 790419 for Feb. 26 - Mar. 2 Meeting. 

BaP emission averaged 2.7 ug per mile for diesel 
and gasoline cars without catalytic converters. 
Catalytic converters reduced BaP emission by over 
95% for gas cars, but had no effect for diesel. 
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D. SORPTION 

21. Herbes, S. h'. ( 1977), "Partitioning of Polycyolic 
Aromatic Hydrocarbons between Dissolved and 
Particulate Phases in Natural Waters", Water 
Research, Vol. 11, No. 6. 

Investigates anthracene adsorption in suspensions 
of autoclaved yeast cells (a form of particulate 
organic matter). Sorption was over 10 tihies 
greater than that observed on mineral surfaces. 

22. May, W. E. (1980), "The Solubility Behavior of 
Polycyclic Aromatic Hydrocarbons in Aqueous 
Systems", in L. Petrakis and F. T. Weiss, eds., 
Petroleum in the Marine Environment, American Chem. 
Soc., Wash. D.C. 

Presents aqueous solubilities for 11 PAH and sorp
tion data for four PAH on several artificial and 
natural media. Partition coefficients (ratios of 
concentrations adsorbed onto sediment medium to 
aqueous concentration at equilibrium) ranged from 
1.6 - 159 for artificial media, and from 4.5 - 36 
for two undescribed "Alaskan sediments." 

23. Means, J. C., J. J. Hassett, S. G. Wood and W. L. 
Banwart (1979), "Sorption Properties of 
Energy-Related Pollutants and Sediments", in P. W. 
Jones and P. Leber, eds., Polynuclear Aromatic 
Hydrocarbons, Ann Arbor Science Publishers, Ann 
Arbor. 

Reports sorption properties for two PAH on three 
different soil and lake sediment samples. 
Partition coefficients ranged from 70 - 12,000, and 
were proportional to organic carbon content of the 
soil/sediments. The octanol/vvater partition coef
ficient was in turn proportional to the partition 
coefficients normalized to organic carbon content. 

24. Means, J. C., S. G. Wood, J. J. Hassett and W. L. 
Banwait (1980), "Sorption of Polynuclear Aromatic 
Hydrot.-arbons by Sediments and Soils", Environ. Sci. 
& Teclinol. , Vol. 14, No. 12. 

Partition coefficients (both unnormalized and nor
malized to soil/sediment organic carbon content) 
are reported for four PAH on J 4 soils and 
sediments. Partition coefficj.ents ranged from 

, 70-56,000 but when ncirmaiized ranged from 
44 , OOH-6, 400, 000 . The normali.zed coefficients were 
relat.id to solubility as well as octanol/water par
tition coefficient. 

-16-

C02631 



25. Royers, R. D., J. C. McRarlane and A. J. Cross 
(19U0), "Adsorption and besorption of benzene in 
Two Soils and Montinor i II i nite Clay", Environ. Sci . 
& Toclinol. , Vol. 14, No. 4. 

Reports sorption properties of benzene [which is 
the basic unit of RAH compounds, and could be 
termed a "mononuclear aromatic hydrocarbon"]. 
Freundlich constants which essentially represented 
linear partition coefficients ranyed froia 1.8 - 31 
for two soil and two clay samples. for the soils, 
partition coefficients normalized to oryanic carbon 
content were about 100. [These results conform to 
findings for PAH compounds that increasing molecu
lar size and complexity are associated with 
increasing sorption.] 

26. Yalkowsky, S. H. and S. C. Valvani (1979), 
"Solubilities and Partitioning - 2. Relationships 
Between Aqueous Solubilities, Partition 
Coefficients, and Molecular Surface Areas of Rigid 
Aromatic Hydrocarbons",'J. Chem. Eng. Data, Vol. 
24, No. 2. 

This article presents a reliable equation for 31 
PAH comx:>ounds, relating the octanol-water partition 
coefficient to "molecular surface area". A table 
of component surface areas also is given; this 
allows estimation of the above parameters for any 
PAH of known structure. [In conjunction with 
results in Ref. 24, this allows prediction for any 
known PAH of soil partition coefficient, normalized 
to organic carbon content.] "==— 

E. ENVIRONMENTAL FATE 

27. Carlson, R. M., A. R. Oyler, E. H. Gerhart, R. 
Caple and K. J. Welch (1979), "Implications to the 
Aquatic Environment of Polynuclear Aromatic 
Hydrocarbons Liberated from Northern Great Plains 
Coal", EPA/600/3-79/093. 

Reports bioaccumulation factors of 1,000 - 5,000 
for several PAH. 

28. Cerneglia, C. E. and D. T. Gibson (1977), "Aromatic 
Hydrocarbons; Degradation by Bacteria and Fungi", 
American Chem. Soc., Div. Fuel Chem., Preprint Vol 
22, No. 3., Wash., D.C. 

Reports investigations on microbial degradation of 
naX) 11111 a 1 e11 e . The fungus Cunningluuiiella eleyans and 
two Pseudomonas bacteria sx^dcies were ]:ouad to 
metabolize naphthalene. 
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29. Dean-Raymond, D. and R. Bartha (1975), 
"Biodegradation of Some Polynuclear Aromatic 
Petroleum Components by Marine Bacteria", NTIS 
Report AD/A-006 346. 

Finds six bacterial strains (isolated from an oil-
polluted estuary) able to metabolize naphthalene 
and some alkyl homalogs. One strain could also 
metabolize acenaphthylene, biphenyl, fluorene and 
tetralin. 

30. Gardner, W. S., R. F. Lee, K. Tenore and L. Smith 
(1978), "Degradation of Selected Polycyclic 
Aromatic Hydrocarbons in Coastal Sediments: 
Importance of Microbes and Polychaete Worms," 
Water, Air and Soil Poll., Vol 11. 

Finds significant microbial degradation of several 
PAH in laboratory experiments with fine sand and 
medium sand sediments. The benthic polychaete, 
Capitella capitata, stimulated degradation. 
Microbial degradation was more rapid near the sedi
ment surface than at greater depths. In marsh 
sediment, PAH degradation was minimal. [Evidence 
here points to aerobic degradation.] 

31. Katz, M. and D. A. Lane (1975), "Photomodification 
of Benzo(a)pyrene Under Simulated Atmospheric 
Conditions", Amer. Chem. Soc., Div. Environ. Chem., 
Preprint Vol. 15, No. 1. 

Photodecomposition of BaP occurred with half-life 
of 5.3 hr. in clean air, and 0.10 hr. in air with 
2.0 ppm ozone. [These correspond to 99% reductions 
each 35 hr. and 0.7 hr., respectively.] 

32. Lee, R. F., W. S. Gardner, J. W. Anderson, J. W. 
Blaylock and J. Barwel1-Clarke (1978), "Fate of 
Polycyclic Aromatic Hydrocarbons in Controlled 
Ecosystem Enclosures", Environ. Sci. & Technol. 
Vol. 12, No. 7. 

Studies of ecosystem enclosures suspended in a 
coastal inlet demonstrated exponential decrease of 
six PAH, due to several mechanisms. Microbial 
degradation appeared significant only for naphtha
lene (with removal rates up to 5% per day). Higher 
molecular weight PAH are mainly associated with 
particulates. Sedimentation and photochemical oxi
dation are the major processes affecting the 
aqueous concentrations of tlie higher molecular 
weight PAH. 
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33. Moi-Kenzie, M. J. and J. V. Hunter (1979), "Sources 
and Fates of Aromatic Compounds in Urban Stormwater 
Runoff", Fnviron. Sci. £. Technol. , Vol. 13, No. 2 

RAll in urban runoff was found most likely to origi
nal e from crankcase oil, based on comparison of 
hydrocarbon and sulfur fractions. 

34. Sonthworth, G. R. (1977), "Transport and; 
Tr.insformations of Anthracene in Natural Waters: 
Process Rate Studies", in L. L. Marking and R. A. 
Kimerle, eds.. Aquatic Toxicology (Proceedings of 
2niJ Annual Symposium), Amer. Soc. for Testing and 
Materials, Philadelphia. 

Investigates removal of anthracene from water by 
prr.cesses of volatilization, adsorption to bed, 
phi tolysis, microbial degradation and 
seii Lmentation. First-order rate constants were 
developed for these processes through laboratory 
studies. For combined processes, estimated half-
lives ranged from 1.4 - 21.6 hr. for various 
flowing water enviroments. Microbial degradation 
dominates removal in slow-moving streams, while 
photolysis and volatilization become more important 
in shallow, fast clear water. Bioaccumulation fac
tors of roughly 1,000 and 500 were found for the 
zooplankter Daphnia and fathead minnows, respectively 

F. HAZARD AND RISK 

35. Dacre, J. C., D. H. Rosenblatt and D. R. Cogley 
(1980), "Preliminary Pollutant Limit Values for 
Human Eiealth Effects", Environ. Sci. & Technol., 
Vol. 14, No. 7. 

Presents a method for determining allowable pollu
tant levels in soil, based on acceptable daily 
intake by humans. The article suggests analysis of 
human exposure pathways and use of partition coef
ficients and other factors as appropriate. 

36. Hervin, R. L. and E. A. Emmett (1976), "Health 
Hazard Eveiluation/Toxicity Determination Report 
75-194-324, Western Roofing Co., A. J. Shirk 
Roofing Co., Quality Roofing Co., Kansas City, 
Missouri", Nat. Inst. Occup. Safety and Health, 
Cincinnati. 

Results oJ' NIOSH medical-environmental evaluation. 
Workers were exposed to toxic concentrations of 
particulate PAH during tlie tear-off a 7-acre roof. 
Skin phot<;sensitivity attributed to PAH exposure 
was found in 71'i of the roofers, and conjunctivitis 
similarly in 65%. 
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37. Lynn, W. R. (1981), "What Scientists Really Mean by 
'Acceptable Risk'", U.S. News & World Report, March 
30, 1981. 

Interesting discussion of risk, with focus on 
catastrophes such as occurred at Three Mile Island. 
Lynn makes the point that, "How safe is safe is a 
value judgement", and he observes that scientists 
and technologists have often made such judgements 
"because nobody else is prepared to do it". 

38. Market, H. L. Jr., R. N. Ligo and J. B. Lucas 
(1977), "Health Hazard Evaluation/Toxicity 
Determination Report 75-117-372, Koopers Co., Inc., 
North. Little Rock, Arkansas", NIOSEl, Cincinnati 

Investigation at wood treating operation revealed 
potentially toxic PAH concentrations in air. 
Several cases of skin and eye irritations were 
attributed to creosote exposure. 

39. NIOSH (1980), "Health Hazard Evaluation 
Determination Report HE-79-43-663, Harbison-Walker 
Refractories, Clearfield, Pennsylvania", Cincinnati. 

Investigation of creosote exposure. PAH were 
detected in "personal air samples" and were 
recognized as potentially carcinogenic or 
co-carcinogenic. NIOSH recommends controlling 
exposure "to the lowest reliable analytical detec
tion level." 

40. van Rensburg, J. F. J., A. Hassett, S. Theron and 
S. G. Wiechers (1981), "The Fate of Organic 
Micropollutants Through an Integrated Wastewater 
Treatment/Water Reclamation System," Municipal 
Wastewater Reuse News (AWWA Research Foundation), 
No. 42. 

Evaluation of an integrated pilot plant's capabi
lity to produce water of potable quality. In this 
South African study, "lower hazard limits" were set 
at 100 ng/1 per compound for several carcinogenic 
PAH, at 1,000 ng/1 for several non-carcinogenic 
PAH, and at various levels for other pollutants. 
The "modified lime flotation biological" plant pro-
fluced effluent with no PAH exceeding the hazard 
limits, and the effluent quality is said to be 
superior to water supplies of Port Elizabeth, Cape 
Town and Pretoria. 

G. CASE STUDIES 

41. McCann, D.L. (1978), "Ground Water Qu^^lity 
Conditions During the Year 1977 at the S.C.E. 
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Vis.ilia Polo Yard, Visaiia, California", pieparod 
by voRoy Crandall and Assoc. Cor Southern Calif. 
Edison Co. , 

Ann lal report on groundwater conditions iri the 
vicinity of a pole yard where creosote and pentacii-
lor :>phenol contamination l\as occurred. Shallow 
monitoring wells and deeper luunicipal wells nearby 
wer.^ monitored: concentrations of pentachlorophenol 
and of "creosote" ranged, respectively, from 1,7(J0 
- 41,000,000 ug/1 and from 3,000 - 41,000,000 ug/l 
in shallow, on-site wells; and for municipal wells, 
penta was detected in 50% of samples, ranging from 
0.1 - 0.2 ug/1, and "creosote" was not detected. 
During the year reported, a subsurface bentonite-
cement cutoff wall was completed around the pole 
yard (approximately 1,700 lineal feet) down into an 
underlying silt-clay aquitard (approximately 60 
feet deep). Pumpout wells were used and in 1977 
produced 531,000 gallons from tlie shallow aquifer 
(with maximum penta and "creosote" concentrations 
of 3,100,000 ug/1 and 11,000,000 ug/1, 
respectively) and 5,000,000 gallons from the 
deeper, confined aquifer (with average penta about 
3,500 ug/1 and "creosote" concentrations "generally 
less than" 7,000 ug/1). All contaminated water was 
discharged to the Visaiia Sewerage System. 

42. Thompson, G. E. (1978), "Hydrogeological Control 
and Clean-Up of Soil and Groundwater Contaminants 
at Northern Wood Preservers, Ltd.," Proceedings of 
25th Ontario Indust. Waste Conf., Ontario ̂ linistry 
of the Environment, Ottawa. 

Report on creosote contamination at plant adjacent 
to Thunder Day, Lake Superior. Major portion of 
spilled materials (mainly creosote, also some chro
ma ted copper arsenate and pentachlorophenol) has 
infiltrated into the groun<l and is moving laterally 
into the lake. Remedies have included dredging 
adjacent portions of the lake. Further plans 
included barrier or pumpout wells, with effluent 
treatment by ozonation and activated carbon. 

H. MEASUREMENT 

(The following list, far from complete, is merely 
suggestive of the literature concerning P/di measurement 
technique and detection limits.) 

43.. Acheson, M. A., R. M. flarrison, R. Perry and R. A. 
Wei Lings (197G), "Factot s Affecting the Extraction 
an<l Analysis of Polynuclear Aromatic hydrocarbons 
in Water", Water Researcli, Vol. 10, No. 3 
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Invt.'S tigated effects of initial PA.11 concentration, 
presence of susiJeiuled solids, prolonged sample 
storage and other factors affecting lueasureiiient. 
Extraction efficiencies ranged from 3U-8t)'i. 

44. Bisliop, D. F. (1980), "Froject buiiuiiary, GC/MS 
Metliodology for Measuring Priority Organics in 
Municipal Wastewater Treatment", U.S EPA,Municipal 
Environmental Research Laboratory, Cincinnati. 

Suniiiarizes EPA methods and limitations for 
measuring priority organics including certain PAH 
in iriunicipal wastewaters and sludges. Detection 

' limits are generally stated as ranging from less 
than 1-25 ug/1. Quality control limits for per
cent recovery were plus-or-minus three standard 
deviations; it was observed that for many compounds 
these limits ranged from zero to several hundred 
percent. [Municipal wastewaters and sludges are 
especially prone to analytical interferences.J 

45. Bolger, J. J., of Environmental Research Group, Inc. 
(December 2, 1960), letter regarding PAH determination 
in wastewaters, (accompanying letter from O. C. 
Briiids, Geraghty & Miller, Inc., to J. Erdmann, L. 
A. Hickok and Associates, dated January 27, 1961.) 

Discusses PAH detection limits and reports opinions 
of Dr. Frank Hammer, head of ERG's Organic 
Chemistry Department. Dr. Hammer notes that the 
Minnesota Department of Health's procedure for PAH 
determination differs slightly from U.S. EPA proce
dures (published December 3, 1979 in the Federal 
Register) "and may provide better detection 
liiiits". Dr. Hammer could not judge the validity 
of MDH detection limits as low as 10 ng/1 without 
running a series of analyses using the MDH 
procedure. [Note that the cited EPA procedures 
give detection limits by HPLC for 15 PAH ranging 
fr<jm 40 - 5,000 ng/l (considering for each compound 
only the better of the UV or fluorescence detection 
limits).] 

46. Dr<iw, S. R., of Energy Resources Co., Inc. 
(November 3, 1980), letter regarding PAH 
determination, (accompatiying letter from A. J. 
Barber, Geraghty & Miller, Inc., to J. Erdmann, E. 
A. Hickok and Associates, dated November 6, 1960). 

Notes non-EPA approved methods for determining PAli 
down to the 1-10 ng/1 level by high perforjiiance 
li juid cl»romatography. Energy Resources Co.'s lab, 
using gas chromatogrup>hy - mass siiectrometry, 
would )iave PAH detection limits in Die 10 - 100 
ng/1 range, depetiding on the compound. 
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Chcsler and H. S. Hertz (1978), "Inter laboratory 
Comparison of Determinations of Trace Level 
Petroleum Hydrocarbons in Marine Sediments," Anal. 
Chem., Vol. 50, No. 3 

This National Bureau of Standards report compares 
hydrocarbon determinations in marine sediments by 
eight laboratories. The scatter of results for PAH 
compounds (four rings and larger) was typically 
three orders of magnitude. Determinations were in 
the ug/kg range. 

48. Josephson, J. (1981), "Polynuclear Aromatic 
Hydrocarbons", Environ. Sci. & Technol., Vol. 15, 
No. 1. 

Article highlights the Fifth International 
Symposium on Polynuclear Aromatic Hydrocarbons. 
Advances in PAH detection and analysis, allowing 
sub-part per billion determinations, are repeatedly 
noted. 

49. Kadar, R., K. Nagy and D. Fremstad (1980), 
"Determination of Polycyclic Aromatic Hydrocarbons 
in Industrial Waste Water at the ng/ml Level", 
Talanta, Vol. 27, pp. 227-230. 

Describes combination of column, thin-layer and 
capillary gas chromatography for PAH determination. 
From reported data, detection limits were evidently 
1 ug/1 for several PAH. [Note that 1 ng/ml = 1 
ug/1.] 

50. Keith, L. H., of Radian Corp. (October 21, 1980), 
letter regarding PAH detection limits, 
(accompanying letter from O. C. Braids, Geraghty & 
Miller, Inc., to J. Erdmann, E. A. Hickok and 
Associates, dated November 26, 1980). 

Notes that detection limits for PAH in 2-liter 
drinking water samples, concentrated by factor of 
2,000, may range from 1-40 ug/1 using GC-MS. Use 
of selected ion monitoring can lower the range of 
detection limits to 100 - 4,000 ng/1 (i.e., 0.1 -
.4 ug/1). Detection limits can be lowered further 
yet, to 10 - 500 ng/l range, if capillary GC-MS 
with selected ion monitoring is used under non-
routine conditions, and there are no interferences. 

51. Ogan, K., E. Katz and W. Slavin (1978), 
"Concentration and Determination of Trace Amounts 
of Several Polycyclic Aromatic Hydrocarbons in 
Aqueous Samples", J. Chromatogr. Sci., Vol 16, No. 
11. 
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Reports proLiminary method of RAll determination in 
drinking water, using reversed phase liquid ciiroma-
tograp)»y and fluorescence detection. Specific com
pounds were recovered quantitatively at levels 
below 10 ng/1. 

52. Ogan, K., E. Katz and W. Slavin (1979), 
"Determination of Polycyclic Aromatic Hydrocarbons 
in Aqueous Samples by Reversed-Phase Liquid 
Chromatography," Anal. Chem., Vol. 51, No. 8. 

Describes additional work beyond that in Ref. 51. 
The technique is applied to 16 PAH (of which 15 are 
on the EPA Priority Pollutant list) in environmen
tal water samples. Several compounds were quanti-
tated at concentrations below 10 ng/1 in the 
original sample. 

53. Oyler, A. R., D. L. Bodenner, K. J. Welch, R. J. 
Liukkonen, R. M. Carlson, H. L. Kopperman and R. 
Caple (1978), "Determination of Aqueous 
Chlorination Reaction Products of Polynuclear 
Aromatic Hydrocarbons by Reversed Phase High 
Performance Liquid Chromatography - Gas 
Chromatography", Anal. Chem., Vol. 50, No. 7. 

Reports on "a convenient procedure" combining liquid 
and gas chromatography with a reverse-phase setup. 
The procedure quantitates PAH in water at the ng/i 
to ug/l level. 

54. Richardson, J. H. and M. E. Ando (1977), 
"Sub-Part-Per-Trillion Detection of Polycyclic 
Aromatic Hydrocarbons by Laser Induced Molecular 
Fluorescence", Anal. Chem., Vol. 49, No. 7. 

Reports very low PAH detection limits using laser-
induced molecular fluorescence. All PAH 
fluorescence was- found to depend linearly on 
concentration, in some cases over six orders of 
magnitude. Reported detection limits for four PAH 
range from 0.5 - 4.4 ng/1. 

55. Robertson, D. J., R. 11. Groth, D. G. Gardner and L. 
G. Glastris (1979), "Interferences from Filters and 
Solvents in PNA Analysis by High Performance Liquid 
•Chromatography", J. Air Pollut. Control Assoc., 
Vol. 29, No. 2. 

Reports tliat PAH are present in most readily 
available filter media and in solvents used to 
extract the filters in I'AH analysis. The inter
fering PAH can be detected in solvent samijles after 
ccncentrating by 50 - 100 x or after extracting an 
unused filter. 

-24- 002t39 



56. Snook, M. K., H. V. Severson, H. C. Higman, R. F. 
Arretnlale and O. T. CTiortyk ( 1979), "Methods fpr 

I Characterixation of Complex Mixtures of Polynuclear 
Aromatic Hydrocarbons," in P. W. Jones and P. 
Leber, eds., Polynuclear Aromatic Hydrocarbons, Ann 
Arbor Sciencfe Publishers, Ann Arbor. 

Reports on a gel filtration chromatographic tech
nique used in combination with HPLC and GC-MS to 
characterize complex mixtures of PAM in cigarette 
smoke condensate. Tlie article notes that almost 
1,000 different PAH have been identified in 
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CONCEPTUAL ANALYSIS AND DESIGN OE 
GRADJI-NT CONTiiOL WELL SYSTEM 

This inemorandurn and the accompanying report present an analysis 
of gradient control wells to contain groundv/ater contamination 
from the former Republic Creosote site in St. I.ouis Park. The -
analysis may be refined as further hydrogeologic data, and perhaps 
a computer mcdel, become available over the next few months. 

The accompanying report describes the analytical approach and 
identifies and evaluates control alternatives for each aquifer. 
Included is each aquifer from the drift to the Mt. Sinion-Uinckley, 
approximately 1,000 feet deep. This memorandum summarizes the 
alternatives and gives estimated well construction costs. 

Table A - Summary of Gradient Control Alternatives, shows the key 
results of the analysis. Contaminant movement in the sliallower 
aquifers (Middle Drift. Plattevill^ and St. Peter) can be 
contained using five wells pumping a total r^f ^ipprox-rmaTfTTy RQO 
cfaTlons per minute, or 1.. 15 million gallons daily. (Last 

ternattve for each aquifer. ) The estimated v;ell construction 
costs for this total approximately $75,000. Tnis total does not 
include treatment facilities or any operating costs. 

For the Prairie 3u Chien-Jordan aquifer, tlie analysis considered 
only existing water supply wells as possible controls. 
Alternatives for this aquifer therefore do not have associated 
well construction costs. Contaminant movement in the Prairie du 
Chien-Jordan aquifer can be contained bv increasing the ptnnpaqe 
~of several existing v.'ells (.alternative 5). Tliese include 
municipal wells SLP-15 (St. Louis Park) and 11-3 (Hopkins), which 
have been shut down due to high PAH levels. 

The total pumpagia to control contaminant movement in the Prairie 
du Chien-Jordan aquifer is shown in Table A as 9.3 million 
gallons per day. This includes a substantial amount of pumpage 
(primarily from the pumping "centers" CP-A through CP-D) currently 
used for rciunicipal water supply, without special treatment, in 
St. Louis Park, Hopkins £ind Edina. _nm of ihe pumpaao total 
(9.3 mgd), at least 2 iiigd (for SLP-15 and H-3) , and perhaps some 
greater amount, will ruc[uire st:)OCial treatment to reduce PAH 

'j. evei£^. . 'Jhe amount wliich will require special treatment depends 
on the PAH criteria adopted. 

Contamination of the deeper aquifers (Ironton-Galesvil1e and 
Mt. Simon-Hinc]:ley) is believed to be minor. Multi-aquifer wells 
reacliing these aquifers must be sealed to prevent any further 
contariiinatioh tliore. Gradient control wells are probably not 
necessary in tVie deeper aquifers and have not been designed. 
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TABLE- A - SUiMiMARY OF GRADIENT CONTROL ALTERNATIVES 

Wei 1 
1 ern? — Gradient C ontrol w'el 1 s Total Resulting Contam- Construction 

Acruifer tive Designation Number. (3 Rate Pun-;page inant Movement Cost 

Middle 
drift 1 . 

2 
3 

RW'5 & RW6 
RW3 & RV;4 
RV71 & RV\'2 

2 
2 
2 

100 
100 
100 

gpm 
gpm 
gpm 

200 
200 
200 

gpm 
gpm 
gpm 

East @ 107 
East (3 104 
Contained 

ft/yr 
ft/yr 

$17,800 
$17,800 
$17,800 

Platteville 1 
2 

RV71 Sc RW2* 2 100 
Control via Middle Drift & 

gpm 
St. 

200 
Peter 

gpm 
Wells 

East (3 355 
Contained 

ft/yr Not estimated 
0 

St. Peter 1 
2 

SLP-1,2,3 
RV71 & SLP-1, 2, 3 
R-1, R-2 & R-3 

1 
2 
3 

4UU 
200 
200 

gpm 
gpm 
gpm 

4U0 
400 
600 

gpm 
gpm 
gpm 

East (0 89 
East (3. 83 
Contained 

ft/yr 
ft/yr 

. $21,700 
$38,200 
$57,300 

Prairie du 
Chien-Jordan 1 CP-A,CP-B 

CP-C & CP-D 
4 

"Centers 
6 mgd 
"(total) 

6 mgd East 0 45 ft/yr 0** 

CP-A,CP-B 
CP-C & CP-D 

SLP-15 

4 6 mgd 
".Centers" (total) 

1 1 mod 
7 mgd Similar to Alt. 1 

CP-A,CP-B 
CP-C & CP-D 

SLP-15, SLP-6 
& E-7 

4 6 mgd 
"Centers"(total) 

3 1 mgd 
9 mgd Southeast @ 7 ft/yr 0 

O 
o 
ro 
cn 
GO 
o 

CP-A,CP-D 
CP-C & CP-D 

SLP-15,SLP-6 
H-3 

4 6 mgd 
"Centers"(total) 

2 
1 

1 mgd 
0. 5 mgd 

8.5 mgd Northeast @ 14 ft/yr . 0 



Alterna- . Gradient Contrcl Wells 
Aquifer tive • Designation Nuniber @ Rate 

5 CP-A, CP-B 4 6 rr.gd 
CP-C & CP-D "Centers"(total) 

SLP-15 & H-3 2 
SLP-6 1 1.3 mod 

Total Resulting Contam-
Pumpage inant Movement 

1 rr.gd 9.3 mg^ Contained 

VJell 
Construction 

Cost 

I ronton- ' 
Gal esvill e 

M't. Simon-

Seal multi-aquifer wells 

Seal multi-aquifer wells 

Unknown, but 
believed minor 

Believed minor 

* ^:ote that well designations refer to different wells in different aquifers 
** Ml Prairie du Chien-Jordan alternatives use existing wells only 

See accompanying report for locations of designated wells. 
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To sutu up, ci:uosotu-v/<icte cout.aiain£int.v. in the grouadwater near the 
foriner Repub.l. i c Creosote site can bo coriLained by ciradient control 
we], ]. s. Total puinpatie on t.lio order of." 10..,) million gallons per dav 
( incl ud inq sul)stantial current r)uiiip.'K] e tor water supply) .1 s • 
r e(.)uired. bxlstlng water supply v/ells cJanbe used to control the 
Prairie du Chien-Jordan aquifer. Well construction costs in the 
sViallov/er aquifers are estimated to be approximately ?75,000. 
Discharge from the shall ov/er control \vells (approxiina.'tely 1.2 
million gallons daily) and from some portion of the 9.3 million 
gallons daily from the Prairie du Chien-Jordan will require 
special treatment to reduce PAH levels. 
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TASKS 2010 AND 2030 
CONCEPTUAL ANALYSIS AND DESIGN OF 

GPADIENT--CONTROL WELL SYSTEM 

INTRODUCTION 

The contaminated ground v/ater in the aquifers underly

ing St. Louis Park is moving through the earth in directions 

and at rates determined by natural hydraulic gradients and 

gradients created by pumping from v/ells. Hydraulic gra

dient is the rate of change of pressure head per unit of 

distance of flow at a given point and in a given direction. 

According to studies made by the U. S. Geological Survey 

(USGS), the regional hydraulic gradient within the hydrogeo-

logic system of the St. Louis Park area is generally to the 

east at about 10 ft/mi. Locally, however, the contaminated 

ground water in the aquifers may be moving in other direc

tions, due to the influence of pumping from nearby public 

v;ater-supply wells. 

The most practical way of controlling the movement of 

contaminated ground water is to pump from wells located up-

gradient, so that the original gradient in the contaminated 

body is flattened or reversed. The gradient-control wells 

must be pumped at the proper rate to achieve the desired 

level of flattening or reversal at any point within the 

contaminated ground-water body. The factors that determine 

1 
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the gradient created at any particular point by a pumping 

v/ell are the (1) rate of pumping, (2) rate at which water is 

transmitted through a unit v/idth of the aquifer under a unit 

hydraulic gradient {which is referred to as the transmissiv-

ity of the aquifer), and (3) distance from the pumping v;ell 

to the point. The follo'wing formula, based on Darcy's Lav;, 

shows the relationship of these factors: 

1 = ̂ 1^ (1) 

wherer 

I - hydraulic gradient in ft/ft, 
Q = pumping rate in gpm, 
T = transmissivity in gpd/ft, and 
r = distance from any point to the pumped 

well in ft. 

Values of transmissivity for the various aquifers in 

the St. Louis Park area are given in Table 1, v/hich also 

contains other data on aquifer parameters. These values 

represent the best information available, but may not be 

entirely correct for all parts of the study area. Test 

drilling and test pumping v;ould be needed to improve know

ledge in this regard. 

Figure 1 is a graphical representation, based on the 

foregoing formula, of the gradients created by pumping at 

different radial distances from a gradient-control v;ell. 

One way of using the graph is to first select a radial dis

tance to the point at which some desired level of gradient 
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TABLE 1 

VALUES or AQUIFER PARAWETERS 

Fonrjtions 

W 

Upper 
:;r' fr-

y.idile 
Urift 

Lcwer 
Crift 

PlaPte-
ville 

Glenwood 

St. Peter 

Basal 
St. Peter 

Prairie du 
Chien-Jordan 

St. Lawrence 
Franccnia 

Iror.ton-
Galesville 

Eau 
Claire 

Mt. Siaion-
Hinckley 

Depth 
1ft) 

65 

85 

63-85 

90-95 

93 

203 

253 

502 

693 

743 

830 

ThicJtness 
(ft) 

Transnissivity 
(9pd/ft) 

Horizontal 
Hydraulic 

Conductivity 
l9PQ/ft=) 

Vertical 
Hydraulic 
Conductivity 
(qpd/ltM 

Storage 
Coefficient 

15-20 

20 

20-30 

20-30 

2-5 

110 

55 

244 

191 

50 

87 

263 

10,500 

26,000 

37,500 

38,600 

675 

112 

19,500 

20 - 1050 

341 

158 

3.5 

2.2 

74 

0.02 - 2.2 

7.5 X lo"' 

297 

0.015 

0.035 

1.5 

5.5 X lo"' 

53 

1 X lo"" 

5 X lo"* 

Porosity 

8 X lo"' 

0.3 

0.2 

0.3 

0.20 

0.25 

0.22 

Sources cf " 
Ir.fccc.aticn 
(see bibiio-
cnr-cv; 

1 and 2 

3 

1 a.nd 2 

2 and 1 

o 
o 
INi 

so 
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Figure 1. Relationships between gradients, transmissivities, 
pumping rates and radial distances. 
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. control is needed and then rnove vertically upward on the 

the left and read off the value of transinissivity divided 

by the pumping rate. Using the proper value of transmis-

sivity from Table 1, the pumping rate for the gradient-

control v/ell can then be determined. 

An example of how a gradient can be controlled by 

pumping is given in Figure 2, which shov;s a hypothetical 

plume of contamination in any aquifer. If the pre-existing 

hydraulic gradient at point P-1 is 10 ft/rni to the east, 

as depicted by the dashed arrow on the illustration, and if 

the objective is to attain a net hydraulic gradient of zero 

'ft/mi at that point, the solution would be to locate a 

recovery well at a proper distance to the west. If the 

aquifer has a transmissivity of 38,600 gpd/ft (which is 

the reported transmissivity of the Prairie du Chien-Jordan 

aquifer), calculations using equation 1 or Figure 2 show 

that a recovery well (RW-1) located 1 ,000 ft west of point 

P-1 v/ould have to be pumped at a rate of 319 gpm in order 

to achieve the net hydraulic gradient of zero ft/mi at 

point P-1. 

IDENTIFICATION AND EVALUATION OF ALTERNATIVES 

The present situation at and in the vicinity of the 

Reilly Company site is that the natural hydraulic gradients 

5 
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© RW-I RECOVERY WELL 

5--- GRADIENT DUE TO PUMPING 

NATURAL GRADIENT 

Figure. 2. Control of gradient at a point. 
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• are believed to differ from place to place within the 
I 

contaiTtinated bodies of ground water in all of the aquifers, 

although no detailed maps of the potentioinetric surfaces are 

available to show these variations. This of course makes it 

difficult to kno'w how to select sites and pumping rates for 

an effective gradient-control system. However, several 

examples of alternative locations and pumping rates were 

evaluated using the'^best estimated for aquifer parameters, 

existing pumping rates for various wells in the area, and ̂  

^.sumed existing hvdraulic^~^adient of 10 ft/mi to the east 

for all aquifers. The analysis indicated that the most 

critical points for gradient control lie along the boundary 

of the plume, with the leading edge of the plume being of 

greatest concern. 

The alternatives included using different numbers and 

locations of wells to be pumped at different rates within 

and/or outside the contaminated plumes. Other combinations 

of recovery wells pumped at different rates and located in 

other places could be, designed to accomplish the same 

result. In the follov/ing analysis of alternatives, the 

overlapping effects of pumping from multiple recovery wells 

were calculated using the basic logic discussed above. 

Figures 3 through 6 shov; the boundaries of the pluine in the 

Middle Drift, Platteville, St. Peter, and the Prairie du 
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Chien-Jordan aquifers, along vn.th desired control points and 

locations of hypothetical recovery v;ells. Each of the 

exajri.ples is discussed belov.'. 

A. Middle Drift Aquifer 

Contaminated ground-water in the Middle Drift aquifer 

appears to extend approximately 6,000 ft east and approxi

mately 4,000 ft south of the site (see Figure 3) and is 

estimated to be moving at a rate of 167 ft/yr to the east. 

The estimated rate of movement was derived in this and all 

ensuing examples from the equation: 

K, I 
V = ^ 

© 

where, 

V = rate of movement in ft/yr, 
K, = horizontal hydraulic conductivity 

in ft/day, 
I = hydraulic gradient in ft/ft, and 
0 - porosity of the aquifer 

Three alternatives were considered in which the recov

ery v;ells were pumped at 100 gpm each, using an aquifer 

transmissivity of 10,500 gpd/ft, to calculate the resultant 

magnitude and direction of the hydraulic gradients at points 

P-1 and P~2. The first alternative uses two recovery wells, 

RW-5 and RW-6, located v/est of the plume. The calculated 

8 
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resultcint hydraulic gradients are 6.6 ft/mi to the east at 

P-1 and 5.7 ft/mi to the v.'est at P-2. Thus, v/ith this 

pumping arrangement, the plume would continue to expand to 

the east and the west. Wells RW-S and RW-6 v/ould be contam

inated in 15 years, and the eastern plume boundary would 

move to the east at a rate of 107 ft/yr. 

The second alternative uses two recovery wells, RW-3 

and RW-4, located north and south of the plume. The 

resultant hydraulic gradients are 6.4 ft/mi to the east 

at P-1 and 14 ft/mi to the east at P-2. As v/ith the first 

alternative, contaminated water at P-1 would continue to 

move to the east at a rate of 104 ft/yr and well RW-3 would 

be contaminated in about 2 years. 

The third alternative uses two recovery wells, RW-1 

and RW-2, located within the plume. The resultant hy

draulic gradients are 3.1 ft/mi to the west at P-1 and 

. . 14.8 ft/mi to the east at P-2. Using this pumping scheme, 

contaminated water v;ould be pumped from RW-1 and KW-2, but 

the movement of the contaminated water at P-1 along the 

eastern edge of the plume would be reversed toward the 

recovery v/ells. Movement at all points on the plume boun

dary would be toward wells RW-1 and RW-2, resulting in a 

gradual decrease in the size of the contaminated area. 

10 
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Gcn'.gluy & Miller, Inc. 

• Th.is third a],terncitive v.'ould be more effective than the 

first two in controlling the movement of. contaminated 

ground water. 

B. Platteville Aquifer 

Contaminated ground water appears to extend about 8,000 • 

J 
ft east and about 4,500 ft south of the site (see Figure 4)/^ 

and is estimated to be moving at a rate of 483 ft/yr to the J 

east. Two alternatives v;ere considered, the first involving 

pumping at a rate of 100 gpm from each of the two recovery 

v/ells, RW-1 and RW-2, located within the plume. The value 

of transmissivity used was 26,000 gpd/ft. The resultant net 

hydraulic gradients are 11.6 ft/mi to the east at P-1 and 

7.3 ft/mi to the east at P-2. Thus, contaminated water at 

P-2 would continue to move to the east at 355 ft/yr. 

r 
J-

A second alternative would be to allow the Platteville 

aquifer to continue discharging contaminants into the 

Middle Drift and St. Peter aquifers, simply because^ the 

Platteville cannot be pumped at a.high enough rate to stop 

the movement of contaminants. Under this alternative, 

the contaminants entering the Middle Drift and St. Peter 

aquifers, which have a greater thickness and available 

drav/dov/n than the Platteville aquifer, would be controlled 

by recovery v^ell systems in those two aquifers. This 

alternative appears to be a more effective way of dealing 

with the contamination in the Platteville aquifer. 

.CQ'^605 
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Gcnufluy & M.illci', Inc. 

C. St. Peter Aquifer 

Contaminated ground- water appears to extend about 7,000 

ft east, 2,000 ft west, 2,400 ft north, and 3,000 ft south 

of the site (see Figure 5) and is estimated to be moving at 

a rate of 105 ft/yr to the east. Three alternatives were 

considered, the first involving installation of a new 

recovery well at the site of existing water-supply wells 

SLP-1, SLP~2, and SLP-3 (unless one of these v;ells could be 

used for this purpose). Using a pumping rate of 400 gpm and 

an aquifer transraissivity of 37,500 gpd/ft, a net gradient 

at P-4 of about 8.5 ft/mi toward the east was calculated. 

Thus, contaminants at P-3 would continue to move to the east 

at about 89 ft/year. 

The second alternative requires the use of two recovery 

wells at RW-1 and at the site of water-supply wells SLP-1, 

SLP-2, and SLP-3. Both wells would be pumped at 200 gpm. 

The resulting i)et hydraulic gradients would still all be to 
; 

the east. Specifically, they are 7.9 ft/mi at P-3, 7.6 

ft/mi at P-4, 11.5 ft/mi at P-5, and 11.8 ft/mi at P-C. 

Using this pumping scheme, contaminants at P-3 would con

tinue to move to the east at about 83 ft/yr. 

13 
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• " Gl-cighry ik Miller, Inc. 

The third alternative requires the use of three re

covery wells, R-1, R-2, and R-3, ecrch being pumped at 

200 gpin. The resultant net hydraulic gradients, which are 

all toward the recovery wells, are 12.6 ft/mi at P-1, 12.3 

ft/mi at P-2, and 8.4 ft/mi at P-3. Tliis alternative 

appears to be the most effective means of controlling the 

contamination in the aquifer. 

D. Prairie du Chien-Jordan Aquifer 

Contaminated ground v/ater appears to extend about 

1 1 ,000 ft to the east, 18,800 ft to the south, 4,000 ft to 

the west, and 2,600 ft to the north of the site (see Figure 

6) and is estimated to be moving at a rate of 73 ft/yr to 

th( le east. Five alternatives v/ere considered usinc^^^on 1 yx 

water-supply wells as^ recovery v/ells. For closely 

spaced v.'ater-supply wells pumping at appreciable rates (see 

Table 2), centers of pum.ping (CP) were selected so as to 

reduce the number of calculations in the analysis. For 

example, CP-A is the center of pumping for water-supply 

wells SLP-8 and SLP-16. An aquifer transmissivity of 

38,700 gpd/ft was used. 

The first alternative is to continue pumping the 

existing wells outside the plume at a combined rate of 6 

mgd. Four principal centers of pumping, CP-A through CP-D 

15 
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TADI.li; 2 

AVERAGE AtJirdM. PUMPING RATE 
IN PRAIRIE EU CfllEN-JORPAN 

(1979) 

St. Louis Park (1979) 

V.'ell Number Pumping Rate, gpm 

Edinn (January through June 1979) 

V7ell Number Pumpintj Rate, gpm 

SLP- 4 221 E- 2 825 
SLP- 5 39 E- 3 4 
SLP- 6 859 E- 4 44 
.SLP- 7 0 E- 5 9* 
SLP- 8 721* E- 6 634 
SLP- 9 0 E- 7 4 
SLP-10 ' 0 E- 8 2+ 
SLP-14 35 E-11 835* 
SLP-15 20 E-13 0 
SLP-16 739* E-14 0+ 

E-15 42 
* Center of pumping CP-A due to E-16 253+ 

pumping wells SLP-8 and SLP~16 E-17 7 
E-18 1* 

+ Center of pumping CP-C due to 
pumping v;ells E-8, E-14 and E-16 

* Center of pumping CP-D due to 
pumping wells E-5, E-11 and E-18 

Hopkins (1976) 

Well Number Piunping Rate, gpm 

H-1* 512 
11-3 136 
H-4* 0 
H-5* 1092 
H-6* 0 

* Center of pumping CP-D due to 
pumping wells H-1, II-4, H-5, and 
U-6 

17 
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Gcra^^Iny ^ Willcr, Inc. 

{see Ficjure 6), v/ere used in the analysis. The resulting 

net hydr£iulic gradients/ v;hich are all to the east, are 2.9 

ft/mi at P-1, 6.1 ft/mi at P-2, 7.2 ft/mi at P-3, 7.0 ft/mi 

at P-4, 3.7 ft/mi at P-5, and 5.4 ft/mi at P-G. This 

pumping scheme v.'ould only slow the mc;venient of contaminants 

to the east, v;hich would still generally be at a rate of 

about 45 ft/yr at P-2. 

The second alternative is to pump the existing centers, 

CP-A through CP-D, at a total of approximately 6 mgd 

and to pump existing well SLP-15, located inside the 

plume, at 1 mgd. The resulting net hydraulic gradients, 

v/hich are' all to the east, range from 5.1 ft/mi to 8.1 

ft/mi. This alternative would be hardly better than the 

first, except that the contaminated ground water within a 

radius of approximately 2,000 ft from v;ater-supply well 

SLP-15 v;ould probably move toward that well. 

The third alternative is to pump wells SLP-6, SLP-15, 

and L-7, located inside the plume, at 1 mgd each, in addi

tion to pumping a total of 6 mgd at centers CP-A through 

CP-D, The resulting net hydraulic gradients are all toward 

the inside of the contaminated plume, except at P-2 along 

the eastern boundary, where movement of contaminants would 

be to the southeast at 7 ft/yr. 

18 00261'5 



Gcraghty Millet, Inc. 

The fourth a.l ternative is to pump w<ater-supply wells 

SLP--6 and SLP-15 at 1 nigd each and water-supply well H-3 at 

0.5 Kigd, in addition to pumping a total of 6 mgd at centers 

CP-A through CP-D. The resulting net hydraulic gradients 

at all points except P-2 are toward the inside of the plume. 

At P-2, along the eastern edge of the plume, the net gradi

ent \70uld be about 2 ft/mi to the north\7est. Thus, the 

contaminants along the eastern boundary of the plume would 

continue to move, but the rate of movement would be only 

about 14 ft/yr. 

The fifth alternative is to pump v;ater-supply v^ells 

SLP-15 and H-3 at 1 mgd each and v/ater-supply well SLP-6 at 

1.3 mgd, in addition to pumping at a total of 6 mgd at 

centers CP-A through CP-D. The resulting net hydraulic 

gradients at all points are toward those recovery v/ells 

inside the plume. Thus, the spread of the contamination 

would be stopped and the volume of contaminants would 

gradually be reduced. 

^• Ironton-Galesville Aquifer 

Contaminated ground water in this aquifer extends 

approximately 1,000 ft north, 1,500 ft south, and 5,500 ft 

east of well W-23, v?hich is located at the site. Because 

the Ironton-Galesville is not widely used for v/ater supply, 

S0:>61 
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Gcr.'igluy & Miller, Inc. 

perhaps the_j;fiojii:—c.onGiblc-»-.^vav nf dealing v;lth the contaniina-

tion would be to seal or reconstruct all uncased multi-

aquifer wells connecting this aquifer v/ith other contamin

ated aquifers. If the contaminants neverthele.ss continue to 

spread, VJell W-23 could be used as a recovery well or other 

recovery wells could be installed. 

F. Mt. Simon-Hinckley Aquifer 

Contaminated ground water in this aquifer appears to 

extend about 6,000 ft east and about 3,000 ft north and 

south of the site. The east-west extent of contamination is 

due primarily to seepage through the two multi-aquifer v;ells 

in the area. The north-south extent of contamination 

appears to be caused by pumping from the City of St. Louis 

Park v/ells 11, 12, and 13. 

In order to prevent further contamination, multi-

aquifer wells completed in the Mt. Simon-Hinckley aquifer 

should be sealed. , Although a reduction in the spread of 

contaminants might be accomplished by discontinuing the use 

of the City of St. Louis Park v/ells 11, 12, and 13, con

taminants would continue to move in the direction of and 

at the rate of the natural ground-water flow. At this time, 

the data are insufficient to predict the rate and direction 

of this natural flow. 

20 
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Gonigluy iSc Miller, Inc. • 
The time required for contarninntcc] v/ntcr to oeep into 

the Kt. Siinon-Ilinckley through the St. Lav/rence-Frcsnconiei, 

the Ironton-Galesville, and the Eau Claire from the Prairie 

du Chien-Jordan v/as estimated to be about 4,2.00 years. The 

vertical hydraulic conductivities and porosities of the for

mations between the Mt. Simon-Hincliley and the Prairie du 

Chien-Jordan are shov/n in Table 1. The vertical hydraulic 

gradient used in the calculation of time of travel betv.'een 

the Prairie du Chien-Jordan and the Mt. Simon-Hinckley was 

2.3 ft/ft. 
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GCA CORPORATION 
Technology Division 

213 Burlington Road 
Bedford, Massachusetts 01730 
Telephone: 617-275-5444 
Telex: 92-3339 

June 15, 1982 

Mike Kosakowski 
U. S. Environmental Protection Agency 
Office of Hazardous Waste Enforcenent 
Fairchild Building, 2nd Floor 
499 S. Capital, S. W. 
Washington, D. C. 20460 

Subject: EPA Contract No. 68-01-6316 
Task C 
(GCA 1-452-124) 

Dear Mike: 

The enclosed data package contains the analysis results you requested, 
the following data are included. 

Specifically, 

• PAH Analysis By HPLC - Fluorescence Of Eleven Water Samples From The 
Mississippi River. 

• PAH Analysis By HPLC - Fluorescence Of Fifteen Water Samples From 
The MWCC (Seven Influent and Eight Effluent) 

• PAH Analysis by HPLC - Fluorescence of Four Empty Sample Containers 
(Field Blanks). 

The data tables, are identified by the sample location as submitted on the chain 
of custody records. 

If you have any questions, please feel free to call. 

Sincerely, 

Mfke 
Mike Rennekamp 
Senior Scientist 
Laboratory Analysis Department 
GCA/Technology Division 

cc: K. T. McGregor 
G. T. Hunt 
S. M. Sandberg 

MER/mdp 

BRANCH OFFICE: 500 Eastowne Drive • Chapel Hill, NC 27514 • (919) 489-6550 



Analytical Conditions 

Column: Altex Ultrasphere ODS, 4.6 x 250 mm. 

Mobile Phase: 70% to 75% Acetonltrlle over 20 minutes, then 
75% to 100% Acetonltrlle over 20 minutes 
Second component of mobile phase Is water. 

Flow rate: 1.0 ml/min. 

Chart Speed: 0.1 In/mln. 

Fluorescence Detector: Excitation 280 nm. 
Emission 389 mn. 

Temperature: Ambient 

Injection Volume: 30 yl 

Note: Benzo(k) Fluoranthene Is not quantltated In some samples as this 
component was later determined to be adequately resolved for detection under 
the above conditions and was subsequently added to the list of parameters. 

GCA CORPORATION 
Technology Division 

GCA 



Pro i ec t 1-A52-12AC GCA Control Ho. 18825 

DATA REPORT SHEET 

Polynuclear Aromatic Hydrocarbong 

Sample I.D. UM-827 Analysis Date 6/3/82 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register. 40 GFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, PE 650-10S Fluoreacence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene X 7 

Acenaphthene < 11 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 9 

Phenanthrene < 1 

Fluoranthene < 17 

Anthracene < 2 

Tripheny lene < 1 

Pyrene < 1 

Chrysene < 1 Coelutos wfth Benzo(a)Anthracene; Value 
calculated on haafa of Chrvsene 

Rer.zo (k) f Tuoranthiin£'. 

Benzolb)£luoranthene < 2 Coelutes with Btiizu(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene 3.0 

Benzo(g,h,i)perylene < 1 

Dibenzo(a,h)anthracene < 1 

Indenol1,2,3-cd)pyrene < 6 

GCA 
GCA CORPORATION 
Technoiogy Division 



Project 1-452-12AC CCA Control No. 18826 

DATA REPORT SHEET 

Polynuclear Aromatic Hydrocarbons 

Sample I.D. UM-840 Analysis Date_ 6/3/82 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 197^) 

Instrument Dupont 850 HPLC, PE 650-108 Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks • 

Naphthalene > < 7 -

Acenaphthene < 11 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 40,320 

Phenanchrone < 1 

FltioranChane < 17 

Anthracene < 2 

Triphenylene < 1 

Pyrene < 1 

Chrysene <? 1 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvsene 

Bonzo(k)fluoranthene 

Benro(b)Eluoranthene < 2 
Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Henzo(a)pyrene < 2 

Benzo(g,h,i)perylene < 1 

DibenzoCa,hjanthracene < 1 

IndenoCI,2,3-cd)pyrene < 6 

GCA 
GCA CORPORATION 
Technology Division 



Project 1-A52-124C GCA Control No* 18827 

DATA REPORT SHEET 

Polynuclear Aromatic Itydrocarbons 

Sample I.D. UM-847 Analysis Date fi/7/ft7 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 1979) 

Instruraent Dupont 850 HPLC, PE 650~1QS Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 7 

Acenaphthene 35 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 126 

Phenanthrene < 1 

Fluoranthene < 17 

Anthracene ' < 2 

Triphenylene < 1 

Pyrene < 1 

Chrysene < 1 Coelutc.'j with Benzo (a)Anthracene; Value 
calculated on basis of Chrvsene 

lirn/o(k) fluoranthene 

Benzol b)fluoranthene < 2 
Coolutcs with Benzo (o) I'y Irene; Value 
CMICU 1 .-u cd on Insls of ho.rizo (b)Fltiorant;hen 

Beiizo(a)pyrene < 2 

Benzo(g,h,i)perylene < 1 

Dibenzo(a,h)anthracene < 1 

Indeno( 1, 2, 3-cd)pyrene < 6 

GCA 
GCA CORPORATION 
Technology Diviaion 



Proj ec t 1-A52-12AC GCA Control No. 18828 

DATA REPORT SHEET 

Polynuclear Aromatic l^drocarbons 

Sample I.D. UM-859 Analysis Date_ 6/7/82 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, l9Ti) 

Instrument Dupont 850 HPLC, HS 650-10S Fluoreecence/PE LC-75 UV Detectors 

Paraneter Concentration 
( ng/1 ) Remarks 

Naphthalene < 7 

Acenaphthene < 11 Coelutes with acenaphttiylene; value 
calculated on basis of acenaphthene 

Fluorene 670 

Phenanthrene < 1 

Flueranthene < 17 

AnLhracene < 2 

Triphenylene < 1 

P^r'tene < 1 

Chrysene < 1 (Coelutes with iienzo (a)Anthracene; Value 
calculated on basis of ChrvaenfL 

Henzo(k)fluoranthene 

BeiizoC b) f luoranthene .< 2 Coelutes with Benzo(e?)Pyrenc; Value 
calculated on basis of Kenzo(b)Fluoranthen 

Benzo(a)pyrene < 2 

Benzo(g,h,i)perylene < 1 

Dibenzo(a,h)anthracene < 1 

IndcnoCI,2,3-cd)pyrene < 6 

GCA 
GCA CORPOHATlOt^l 
Technology Division 



Project 1-452-124C GCA Control No. 18829 

DATA REPORT SHEET 

Polynuclear Aromatic Ifydrocarbons 

Sample I.D. Ford Dam Analysis Date 6/7/82 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register. 40 CFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
< ng/I ) Remarks 

Naphthalene < 7 

Acenaphthene < 11 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < ? 

Phenanthrene < 1 

Fluoranthene c 17 

Anthracene < 2 

Triphenylene < 1 

Pyrene < 1 

Chrysenc < 1 C'.oelutes wTth licnzo (a)Anthracene; Value 
calculated on basis of Chrvsene 

BPDZO (k.) fluoranthene 

BenzoCb)fluoranthene .< 2 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Renzo(a)pyrene < 2 

Benzo(g,h, Dperylene < 1 

DibenzoCa,h)anthracene < 1 

IndenoC I, 2, 3-cd)pyrene < 6 

GCA 
GCA CORPORATION 
Technology Division 



Project_ 1-452-12AC GCA Control No. 18931 

DATA REPORT SHEET 

Polynuclear Aromatic Hydrocarbons 

Sample l.D. Field Bank Analysis Date 

Sample Matrix 

Analytical Method EPA 610 (Federal Register, AO CFR Part 136, December 3, 1979) 

Instruinent Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

P.r«.eter _ ^Metitr.tlon 
Total Nanograms Remarks 

Naphthalene < lA 

Acenaphthene < 23 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 18 

Phenanthrena < 2 

Fluoranthene 3,040 

Anthracene 50 

Triphenylene < 2 

Pyrene < 2 

Chrysene < 1 Coelutes wltli Ilenzo (a) AntViracene; Value 
calculated on basis of Clirvaene 

l'>pn/.o(k.) fluoranthene 

Benzo(b)fluoranthene < 4 Coelutes with ISenzo(e) I'y rtnie ; Valce 
cnlrii i ntcil on basis <if licnzo (h)Fluoranthen 

Benzo(a)pyrene < 4 

Benzo(g,h, i)perylene < 1 

Dlbenzo(a,h}anthracene < 1 

Indeno(I,2,3-cd)pyrene < 13 

GCA 
GCA CORPORATION 
Technology Division 



Projact 1-A52-124C GCA Control No. 18932 

DATA REPORT SHEET 

Polynuclear Aromatic Ifydrocarbons 

Sample l.D. Eff-E; Effluent. MWCC 

Sample Matrix Water 

Analysis Date 6/7/82 

Analytical Method EPA 610 (Federal Re>;iater, 40 CFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 7 

Aceuaphthene < 11 
1 

Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 9 

Phenanthrone < 1 / 

Fluoranthene < 17 

Anthracene 5 

Triphenylene < 1 

Pyrene < 1 

Chryeene < 1 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvsene 

Benzo(k)fluoranthene 

BenzoC b)fluoranthene < 2 Coelutes with Renzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 2 

Ben2o(g,h,i)perylene < 1 

Dlbenzo(a,h)anthracene < 1 

Indeno(1,2,3-cd)pyrene < 6 

GCA 
GCA CORPORATION 
Technology Division 



Project^ 1-452-12AC GCA Control No. 18933 

DATA REPORT SHEET 

Polynuclear Aromatic l^drocarbona 

Sample I.D. Eff-W; Effluent. MWCC 

Sample Matrla Water 

Analysis Date 6/7/82 

Analytical Method EPA 610 (Federal Register. 40 CFR Part 136, December 3, 197!^) 

Instrument Dupont 850 HPLC, PE 650--10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 137 

Acenaphthene < 229 
Coelutcs with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 182 

Phenanthrene < 13 

Fluoranthene 8,400 

Anthracene < 38 

Triphenylene < 20 

Pyrene < 13 

Chrysene < 2 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvseno 

henzo(k)fluoranthene 

Benzo(b)fluoranthene < 34 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Bcnzo(a)pyrene < 38 

Benzo(g,h, Dperylene < 6 

Dibeuzo(a,h)anthracene < 4 

Indcno( 1, 2, 3'-cd)pyrene < 122 

GCA 
GCA CORPORATION 
Technology Division 



Project__ 1-452-124C GCA Control No. 18934 

DATA REPORT SHEET 

Polynuclear Aromatic H/drccarbona 

Sample l.D. Ford Dam; Mississippi River. Mpls. Analyaia Date 6/10/8? 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 1979) 

Instrument Dupont 850 IIPLC, PE 650--10S Fluorescenee/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene 

Acenaphthene <7 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 2,270 

Phenanthrene < 23 

Fluoranthane < 21 

Anthracene 2 

Triphenylene < 4 

Pyrene 13 

Chrysene 1 Coelutes with Benzo(a)Anthracene; Value 
calculated on baaia of Chrvaene 

Beiir.o (k) f luoranthene < 13 

Benzo(b)fluoranthene < 1 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

BeuzoCa)pyrene < 1 

Benzo(g,h,i)perylene 5 

DibeuzoCa,h)anthracene < 1 

IndenoCI,2,3-cd)pyrene < 3 

GCA 
GCA CORPORATION 
Technology Division 



Projact 1-A32-124C GCA Control No. 18935 

DATA REPORT SHEET 

Polynuclear Aromatic ij^drocarbons 

Sample I.D. Gray Cloud; Mississippi River. St. Analysia Date 6/in/ft? 
,, . Paul 

Sample Matrix_J™! 

Analytical Method EPA 610 (Federal Regiater, 40 CFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, PE 650-1OS Fluorescence/TO LC-75 UV Detectors 

Parameter Concentration 
( ng/l ) Remarks 

Naphthalene < 41 

Acenaphthene < 7 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 56 

Phenanthrene < 23 

Flijoranthene < 21 

Anthracene < 2 

Triphenylene < 4 

Pyrene < 1 

Chrysene 9 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrysene 

Benzo(k)fluoranthene < 13 

Benzo(b)£luoranthene 26 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 1 

Benzo(g,h, Dperylene < 1 

UibenzoCa,h)anthracene 2 

Indeno(1,2,3-cd)pyrene < 14 

GCA 
GCA CORPORATION 
Technology Division 



Project 1-A52-12AC GCA Control No. 18936 

DATA RKTORT SHEET 

Polynuclear Aromatic Ftydrocarbons 

Sample l.D. Inf; Influent. MWCC Analysis Date 6/9/82 

Sample Matrix 

Analytical Method EPA 610 (Federal Register. 40 CFR Part 136, December 3. 1979) 

Instrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC~75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene 1,580 

Acenaphthene < 142 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene ^ 198,000 

Phenanthrene 49,200 

F 1(10 rant: hena < 416 

Anthracnne 241 

Triphenylene 210 

Pyrene < 8 

Chrysene < 6 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvsene 

Uenzo(k)fluoranthene 2,310 

Benzo(b)fluoranthene < 44 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 6 

BenzoCg,h,i)perylene < 6 

UibenzoCa,hjanthracene 381 

lndeno(1,2,3-cd)pyrone < 56 

GCA 
GCA CORPORATION 
Technology Oivision 



Project^ 1-452-12AC GCA Control No. 18937 

DATA REPORT SHEET 

Polynuclear Aromatic Hydrocarbons 

Sample I.D. UM-827; Mississippi Rivpr, Sr. Paul Analysis Date_ 

Sample Matrix Water 

6/9/82 

Analytical Method EPA 610 (Federal Regiater, AO CFR Part 136, December 3. 1979) 

Inatrument Dupont 850 HPLC, PE 650-10S Fluorescence/FE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 41 

Acenaphthene < 7 Coelutes with acenaphtl^lene; value 
calculated on basis of acenaphthene 

Fluorene < 56 

Phcnanthrene < 23 

Fluoranthene < 21 

Anthracene 5 

Triphenylene 69 

Py re ne 6 

^;hry < 1 Cool ti If!! with Benzi) (d) Anthracene; Value 
calculuLed on basis of Chrvaeno 

Ben/.ci (k) f 1 uoranthene 87 

Benzo(b)fluoranthene 16 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 1 

Benzo(g,h,i)perylene < 1 

DibenzoCa,h)anthracene 12 

IndenoC1,2,3-cd)pyrene 22 

GCA 
GCA CORPORATION 
Technology Division 



Projeet_ 1-A52-12AC GCA Control No. 18Q38 

DATA REWRT SHEET 

Folynuclear Aromatic Hydrocarbone 

Sample I.D. UM-840; Mississippi River, St. Paul Analysis Date 6/9/82 

Sample Matrix Water _________ 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, PE 650--10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/I ) Remarks 

Naphthalene 41 

Acenaphthene < 7 Coelutes with acenaphtl^lene; value 
calculated on basis of acenaphthene 

Fluorene .56 

Phenanthrene 298 

Fluoranthene < 21 

Anthracene 2 

Triphenylene < 4 

?y rcni. 4 

Chry (?»;ne 3 C.noiute;-. w(t;h Henzo (a) An Llirac.enc!; Value 
f.a I culaUnl (;n bat;!:; of Chrvaeiif 

Hf-iiCk) f 1 uoran the.nr < 13 

Ben;;o( b) £ luoranthenc < 1 {k>oliili?.s with i'.oiizo (c) I'y 1 file ; Value 
calf 111 al f(1 on l/a.'ils of llenzo (h)]''liioranther 

Benzo(a)pyrene < 1 

Benzo(g,h, Dperylene 1 

Uibenzo(a, h)antliracene < 1 

IndenoC1,2,3-cd)pyrene < 3 

GCA 
GCA CORPORATION 
Technology Division 



Project_ 1-452-124C GCA Control No. 18939 

DATA REPORT SHEET 

Polynuclear Aromatic Itydrocarbona 

Sample I.D. UM-847; Mississippi River, Mpls. 

Sample Matrix Water 

Analysis Date 6/9/82 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, PE 650-108 Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene 50 

Acenaphthene < 7 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 56 

Phenanthrene 114 

Fluerantbene < 21 

Anthracene 2 

Triphenylene < 4 

Pyrene 2 

Chrysene 2 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvnene 

Benzo(k)fluoranthene < 13 

UenzoC b)fluoranthenc < .1 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 1 

Benzo(g,h,i)perylene < 1 

Dibenzo(a,h)anthracene < 1 

Indeno(I,2,3-cd)pyrene < 3 

C:7(..yA, 

f.CA Coni'CjRAriOM 
Technology Division 



Project l-A52-12'»c GCA Control No. 

DATA REPORT SHEET 

Polynuclear Aromatic ifydrocarbons 

Sample I.D. UM-859; Mississippi River. Mpls. 

Sample Matrix Water 

Analysis Date 6/10/82 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 197^) 

Instrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 41 

Acenaphthene < 7 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 56 

Phennnthrene 364 

Fl'.ioranthene < 21 

Anthracene < 2 

Triphenylene < 4 

Py rene 2 

Chrysene < 1 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvaene 

Ben?.o(k)f luoranthene < 13 

Benzo(b)£luoranthene < 1 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benr.o(a)pyrene < 1 

Ben2o(g,h,i)perylene < 1 

Dibenzo(a,h)anthracene < 1 

lndeno(1,2,3-cd)pyrene < 3 

GCA 
(.•AA C0RP(,1RATI0ri 
Technology Division 



Project 1-A52-124C GCA Control No. 18977 

DATA UliWRT SHJ=:KT 

Polynuclear Aromatic Ifydrocurbons 

Sample l.D. Field Blank Analyaia Dote 6/9/82 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Reniflter, 40 CFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, H£ 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
Total Nanograms Remarks 

Naphthalene < 81 

Acenaphthene < 14 
Coelutes with acenaphtt^lene; value 
calculated on basis of acenaphthene 

Fluorene < 111 

Phenantbrene < 46 

Fluoranthene < 42 

Anthracene < 3 

Triphenylane < 8 

Pyrene < 1 

Chrysene < 1 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvsene 

BenzoCk)fluoranthene 
< 26 

Benzo(b)fluoranthene < 1 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthei 

Benzo(a)pyrene < 1 

Benzo(g,h,i)perylene < 1 

DibenzoCa,h)anthracene < 2 

Indeno(1,2,3-cd)pyrene < 6 

GCA 
GCA CORPORATION 
Technology Division 



Project 1-A52-124C GCA Control No. 18978 

DATA REPORT SHEET 

Polynuclear Aromatic tfydrocarbons 

Sample I.D. 

Sample Matrix 

Eff E; MWCC, Effluent - East Bank Analysis Date 

Water 

6/9/8^ 

Analytical Method EPA 610 (Federal Kegister, 40 CFR Part 136, December 3, 1979) 

Instruraent Dupont 850 HPLC, PE 65Q-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 41 

Acenaphthene 34 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 56 

Phernnthrene < 23 

Fluoranthene < 21 

Anthracene < 2 

Triphenylene < 4 

Py renc '' 1 

Chry ueue < 1 Coelutes with Henzo lfi)Anthrac.ene; Value 
calculated on basis of Chrvsciie 

IUv1/.o(k) fluoranthene 
36 

Benzolb)fluoranthene < 1 Coelutes with Benzo(e)Pyrene; Value 
calc.ul atecl on basis of henzo(b)Fluoranthen 

Benzola)pyrene < 1 

Benzolg,h,i)perylene 4 

Dibenzola,h)anthracene < 1 

IndenolI,2,3-cd)pyrene < 3 

GCA 
GCA CORPORATION 
Technology Diviaion 



Proiect 1-A52>124C GCA Control No. 18979 

DATA REPORT SHEET 

Polynuclear Aromatic I^drocarbona 

Sample I.D. Eff W; MWCC. Effluent-West 
o .. 

Sample Matrix Water 

Analynia Date_ 6/9/82 

Analytical Method EPA 610 (Federal ReRiater, 40 CFR Part 136, December 3, 1979) 

Inelrument Dupont 850 HPLC, PE 650-10S Eluorescenee/PE LC-75 UV lietectora 

Parameter Concentration 
( ng/1 ) 

Knmarks 

Taphthalene < 41 

Acenaphthene 13 
Coelutes with acenaphthylene; value 
cslculHted on bsais o£ acenaplil hime 

Fluorene < 56 

Phenanthrane < 23 

Fluorantbene < 21 

Anthracene < 2 

Triphenylene < 4 

Pyrene < 1 

Chrysene < 1 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvsene 

lion/.o (k) f luoranthene 
21 

BenzoC b)fluoranthene < 1 Coelutes with Benzo(e.)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

BcnzoCa)pyrene < 1 

BenzpCg,h,i)perylene 2 

Dibenzo(a,h)anthracene < 1 

IndenoCI,2,3-cd)pyrene < 3 

GCA 
GCA CORPORATION 
Technoiogy Division 



Project,, 1-452-124C GCA Control No. jmsL 

DATA REPORT SHEET 

Folynuclear Aromatic Hydrocarbons 

Sample l.D. Inf E; MWCC, Influent - East Bank Analysis Date fi/Q/87: 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Reaister, 40 GFR Part 136, December 3, 197^^) 

Instrument Dupont 850 HPLC, HE 65D-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 5,060 

Acenaphthene 542 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 6,940 

Phenanthrene < 2,840 

Fluoranthene 102,000 

Anthracene < 188 

Triphenylene 3,300 

Pyveue < 53 

Chry Hen»i < 38 0.)c] utr.!:^ with hiMizo (a) Anthracene; Value 
< aLeu la tail on ha.sl>; of Chrvaene 

Ueii:'.o (k) fluoranthene < 1,650 

Beazo(b)fluoranthene < 25 C.uelutes with Bonzo(e)Pyrene; Value 
en l.c.ulatcd on banln of I'enzo (b)F].uoranthcr 

Benzo(a)pyrene < 38 

Benzo(g,h, Dperylene 220 

I)i,ben2o(a, h)anthracene 267 

Indeno(1,2,3-cd)pyrene < 350 

GCA 
GCA CORPORATION 
Technology Division 



Project^ 1-A52-12AC GCA Control No. 18981 

DATA REPORT SHEET 

FOlynuclear Aromatic ^drocarbona 

Sample I.D. Inf Isco; MWCC. Influent-Tsm Samp], 

Sample Matrix 

Analysis Date_ 

Analytical Method EPA 610 (Federal Register. AO CFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, Hi 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) 

Remarks 

Naphthalene < 8,100 

Aceuaphthene < 1,A20 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 285,000 

Phenantlirene < A,SAO 

Flujranthene < A,160 

Anthracene < 300 

Triphenylene < 800 

Pyrene < 80 

Chr>'9eiie < 60 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvscne 

Rrnzo(k)fluoranthene < 2,640 

Denzo(b)fluoranthene , < AO Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 60 

BenzoCg,h,i)perylene 300 

DibenzoCa,h)anthracene 301 

IndenoCI,2,3-cd)pyrene < 560 

GCA 
GCA CORPORATION 
Technology Dlvielon 



Project 1-452-124C GCA. Control No. 

DATA REPORT SHEET 

Polynuclear Aromatic Ifydrocarbons 

Sample l.D. fBlank Analysis Date 6/9/82 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 1979) 

Instrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

P.rm.t« ^ Ooocentration 
Total Nanograms 

Remarks 

Naphthalene 159 

Acenaphthene < 14 Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene .4,500 

Phenanthrene < 45 

Flueranthene < 42 

Anthracene 18 

Triphenylene 4 

Pyrene < 1 

Chrysene < 1 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvaene 

Benzo (k) f luoranttiene < 26 

BenzoC b)fluoranthene , < 1 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 1 

Benzo(g,h, Dperylene 3 

Dibenzo(a,h)anthracene 2 

Indeno(1,2,3-cd)pyrene < 6 

GCA 
C;CA COf^F^jRATlON 
Technology Division 



Proiect 1-A52-124C GCA Control tJo. 19100 

DATA REPORT SHEET 

Polynuclear Aromatic Hydrocarbons 

Sample l.D. Inf E; MWCC, East Bank, Influent 

Sample Matrix Water 

Analysis Date 6/9/82 

Analytical Method EPA 610 (Federal Register. 40 CFR Part 136, December 3. 1979) 

Instrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene 6,760 

Acenaphthene < U2 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluerene 1,190 

Phenanchrene < 454 

Fluoranthene 19,100 

Anthracene 112 

Triphenylene 2,340 

Pyrene < 8 

Chrysene < 6 Coelutes with Benzo(a)Anthracene; Value 
calculated on haala of Chrvsene 

ilcnzo (k) fluoranthene 3,330 

Benzo(b)fluoranthene < 4 Coelutes with lJenzo(o)Pyrene; Value 
calculated on basts of Benzo(h)Fluoranthen 

Benzo(a)pyrene < 64 

Benzo(g,h,i)perylene < 6 

DibenzoCa,h)anthracene < 16 

Indeno(1,2,3-cd)pyrene < 56 

GCA 
I VJA CORPOf^'niON 
Technology Oiviaion 



Project 1-A52>124C GCA Control No. 19101 

DATA REPORT SHEET 

Polynuelear Aromatic Ifydrocarbona 

Sample I.D. Inf E Isco; IIWCC, East Influent. Isco Analysis Date 6/9/82 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3. 1979) 

Instrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) 

Remarks 

Naphthalene < 810 

Acenaphthene 606 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 6,530 

Phenanthrene < 45A 

Flooranthene < 416 

Anthracene <300 

Triphenylene 162 

Pyrene 103 

Chr> seae 101 Coelutes with Henzo (a)Anthrac.ene; Value 
calculated on basis of Chrvsene 

(k) f luoranthone < 264 

BenzoC b)fluoranthene <40 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 6 

Benzo(g,h, Dperylene 1,220 

Dlbenzo(a,h)anthracene < 160 

In<ieno( 1, 2, 3-cd)pyrene < 560 

GCA 
GCA CORPORATION 
Technology Division 



J ' t 

I**"® j ec t l-A52~12Ac GCJV Control No. 19102 

DATA REIOHT SHEET 

Polynuclear Aromatic Hydrocarbons 

Saniplft I.D. Eff E; MWCC, East Bank, Effluent 

Sample Matrix Water 

Analysis Date 6/9/82 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 1979) 

Insi. rument Dupont bSO HPLC, tli 650--IUS ELuoroactincc/RE l.C - /") IJV Detihcr oim 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 41 

Acenaphthene 298 Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 90 

Phenanthrene 252 

Fluoranthene < 21 

Anthracene < 2 

Triphenylene < 4 

Pyreoe < 1 

Chrysene 2 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvsene 

Senzo Ck)fluoranthene 28 

Ben?.o( b) fluoranthene 5 Coelutes with Benzo(e)Pyrene; Value 
calculated on hnsia of Benzo (b)Fliioran then 

Benzo(a)pyrene < 1 

Benzo(g,h,i)perylene 2 

Dibenzo(a,h)anthracene 1 

IndenoC1,2,3-cd)pyrene < 3 

GCA 
t VJA CORPORA I ION 
Technology Division 



Project_ 1-A52-124C GCA Control No. 19103 

DATA REPORT SHEET 

Polynuclear Aromatic Ifydrocarbona 

Sample I.D. MWCC, West Bank, Effluent 

Sample Matrix Water 

Analysis Date 6/9/82 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 1979) 

Inotruinent Dupont 830 HPLC, PE 650-10S Fluorescence/PE LC~75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene < 41 

Acenaphthene 146 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene < 56 

Phenanthrane <23 

Fluoranthene < 21 

Anthracene < 2 

Triphenylene < 4 

Pyrene < 1 

Chry nene < 1 Cue 1 111 I'M w(l.li lii'ii/M (a)Anl IMVMC'.CIIC; Value 
calcuJatOfl oti baei'-' of ClirvKeno 

Benzo(k)fluoranthene 
35 

BetizoC u) fluoranthene 6 Coelutes with Berizo(e)Pyrene; Value 
calculated on basis of Benzo(b)F]uoranthen 

Benzo(a)pyrene < 1 

BenzoCg,h,i)perylene 3 

DibenzoCa,h)anthracene < 1 

IndenoC1,2,3-cd)pyrene < 3 

GCA 
GCA CORPORATION 
Technology Division 



Projac c l-452~124c GCA Control No. 19157 

DATA REPORT SHEET 

Polynuclear Aromatic Hydrocarbons 

Sample l.D. Field Blank Analysis Date 6/10/82 

Sample Matrix Water 

Analytical Met hod EPA 610 (Federal Register, 40 C.FU Part 136, December 3, 1979) 

In81rument Dnpont 850 HPLC, PE 650-iQS Fluoreacence/PE LC-75 UV Detectors 

P.rmeter ^ ^nc.ntr.tion 
Total Nanograms 

Remarks 

Naphthalene < 81 

Acenaphthene 186 
Goelutes with acenaphtl^rlene; value 
calculated on basis of acenaphthene 

Fluorene < 111 

Phenanthrene < 45 

Fluorantheno < 42 

Anthracene <3 

Triphenylene < 8 

Pyrene < 1 

Chrysene 1 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvscne 

f luoranthenc < 26 

Benzolb)fluoranthenc , < 1 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 1 

Benzo(g,h, Dperylene < 1 

DibeuzoCa,h)anthracene < 2 

lndcno(1,2,3-cd)pyrene < 6 

GCA 
GCA CORPORATION 
Technology Olvielon 



' ( I 

Proiect 1-A52.124C GGA Control No. 19158 

DATA REPORT SHEET 

Polynuclear Aromatic Ifydrocarbons 

Sample I.D. Eff E II ; MWCC, Effluent East. Auto Analysis Date 6/10/82 
Samples 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 197^^) 

Instrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/l ) Remarks 

Naphthalene < 405 

Acenaphthene 106 
Coelutes with acenaphthylene; value 
calculated on basis o£ acenaphthene 

Fluorene < 555 

Phenanthrene < 227 

Fluoranthene < 208 

Anthracene < 15 

Triphenylene < 40 -

Pyrene -..<4 

Chrysene <3 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvsene 

Bei)/.ci(k) fluoranthene 
< 132 

Benzo(b)fluoranthene . ^ 2 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 3 

Benzo(g,h,i)perylene < 3 

Dibeiizo(a, h)anthracene < 8 

IndenoCI,2,3-cd)pyrene < 28 

GCA 
r-.CA COnPORATION 
Technology Division 



1 '» • 

Proiect l~-i52-124.c GCA Control No. 19159 

DATA REFORT SHEET 

Polyauclear Aromatic Hydrocarbons 

Sample I.D. Eff W 11°: MWCC. Effl.iPnf . A,.^n Analysis Date 6/10/g2 
Sampler 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Reaiater, ''•Q CFR Part 136, December 3, 1979) 

Insrrument Dupont 850 HPLC, FE 650-i()S Fluorescence/PE LC-75 UV Detectors 

Parameter 
Concentration 

( ng/1 ) 
Remarks 

Naphthalene < 405 

Acenaphthene < 71 
Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 2,940 

Phenanthrene < 227 

Fluoranthene < 208 

Anthracene 29 

TrlphenyUne < 40 

Pyrene 9 

Chrysene 4 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvaene 

Benzo(k)fluoranthene 20 

BenzoCb)fluoranthene . < 2 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fltioranthen 

Benzo(a)pyrene < 3 

Benzo(g,h,i)perylene < 3 

Dibcnzo(a,h)anthracene < 8 

lndeno(L,2,3-cd)pyrene < 28 

GCA 
GCA CORPORATION 
Technology Division 



t ! < a 

Project l-/(52-12Ac GCA. Control No. 19160 

DATA REPORT SHEET 

Polynuclear Aromatic Hydrocarbons 

Sample I.D. ^ I ; MWCC, Influent East, Auto- Analysis Date 6/10/82 
Sampler 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Regiater, 40 CFR Part 136, December 3, 1979) 

Inatriuaent Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene 1,670 

Acenaphthene < 142 Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 197,000 

Phenanthrene 52,200 

Fluoranthene < 416 

Anthracene 218 

Triphenylene < 80 

Pyrene < 8 

Chrysene 554 Coelutea with Benzo (.a) Anthracene; Value 
calculated on basis of Chrvaene 

Bonzo(k)fluoranthene < 264 

Benzo(b)fluoranthene 92 Coelutes with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 60 

BeiizoCg, h, i)perylene 125 

DibenzoCa,h)anthracene < 160 

Indeno(I,2,3-cd)pyrene < 560 

GCA 
GCA CORPOMl ION 
Technology Division 



;. .« 

Proiect 1-A52-12/,C GCA Control No. 19161 

DATA REPORT SHEET 

Polynuclear Aromatic Ifydrocarbona 

Sample I.D. Inf I°E Isco; MWCC. East Influent. Isco Analyaia Date 6/10/82 

Sample Matrix Water 

Analytical Method EPA 610 (Federal Register, 40 CFR Part 136, December 3, 1979) 

Inatrument Dupont 850 HPLC, PE 650-10S Fluorescence/PE LC-75 UV Detectors 

Parameter Concentration 
( ng/1 ) Remarks 

Naphthalene 2,390 

Acenaphthene < 142 Coelutes with acenaphthylene; value 
calculated on basis of acenaphthene 

Fluorene 5,700 

Phonanthrens 52,200 

Fluoranthene < 416 

Anthracene 917 

Triphenylene < 80 

Py rene < 8 

Chryaene 125 Coelutes with Benzo(a)Anthracene; Value 
calculated on basis of Chrvsene 

Benzo(k)fluoranthene 2,100 

Bcnzo(b)fluoranthene 364 Cocltite.s with Benzo(e)Pyrene; Value 
calculated on basis of Benzo(b)Fluoranthen 

Benzo(a)pyrene < 60 

Benzo(g,h, Dperylene 334 

ULbenzoCa,h)anthracene < 160 

lndeno(1,2,3-cd)pyrene < 560 

GCA 
(iCA CORPORATION 
Technology Division 



5F-C0006-02 

DEPARTMENT 

TO 

FROM 

SUBJECT: 

STATE OF MINNESOTA 

POLLUTION CONTROL AGENCY Office Memorandum 
Steve Shakman, Special Assistant Attorney General 
Paul Bitter, U.S. Environmental Protection Agency, Chicago 
Mike Convery, Minnesota Department of Health June 24 
Marc Hult, United States Geological Survey ' 
Mike Kosakowski, U.S. Environmental Protection Agency, Washington 
Bob Leininger, U.S. Environmental Protection Agency, Chicago 

1982 

Michael J. Hansel, Regulatory Compliance Section 
Solid and Hazardous Waste Division 

PHONE; 

LOCATION OF MISSISSIPPI RIVER AND MINNESOTA WASTE CONTROL COMMISSION 
PIG'S EYE PLANT SAMPLES 

You recently received a copy of the analyses of river and influent/effluent by 
GCA. Attached is a copy of a memo which locates, where those samples were 
taken. The sample identification number on the tabulation's from GCA 
correspond to locations on the river or at the plant. You should note that 
samples were taken at each location on two different dates, but the tabulations 
from GCA do not show which is which. I have asked GCA to clarify this, and I 
will forward the clarification to you as soon as received. 

MJH/sf 

Attachment 
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'J> V i 
DEPARTMENT POLLUTION CONTROL AGENCY 

STATE OF MINNESOTA 

Office Memorandum 

TO Gordon Meyer, Chief 
Regulatory Compliance Section 
Division of Solid and Hazardous Wa 

FROM : John F. McGuire, P.E., Chief 
Monitoring and Analysis Section 
Division of Water Quality 

DATE: February 24, 1982 

PHONE: 6-7242 

SUBJECT: PAH SAMPLING FROM THE MISSISSIPPI RIVER AND THE METRO WASTE CONTROL -
ST. PAUL PLANT 

The Monitoring and Analysis Section has completed the PAH sampling of the 
Mississippi River and the Metro Waste Control - St. Paul Plant. The 
attached sampling program will detail the investigation. The PAH analyses 
will be forwarded to Rick Ferguson as they become available. Please 
contact Dan Helwig (296-7288) of my staff if you have any questions. 

JFM:DDH/drn 

Attachment 

cc: Rick Ferguson - Regulatory Compliance Section^ 
Loren Voight - Enforcement 
David Maschwitz - Monitoring and Analysis Section 
Lovell Richie - Senior Executive Officer 
Steve Shakman - Special Assistant, Attorney General 

MAR 1 1 H oo 

A4INN. POLLUTION 
CONTROL AGENCY 



' D^Ef'ARTMENT POLLUTION CONTROL AGENCY 

STATE OF MINNESOTA 

Office Memorandum 

TO 

THRU: 

FROM 

John F. McGuire, P.E., Chief 
Monitoring and Analysis Section 
Marvin E. Hora, Head 
Ambient and Intensive Monitoring Unit 
Daniel D. Helwig, Biologist vj) 
Monitoring and Analysis Section 

DATE: February 22, 1982 

PHONE: 6-7288 

SUBJECT: PAH SAMPLING FROM THE MISSISSIPPI RIVER AND THE METRO WASTE CONTROL -
ST. PAUL PLANT ~~~~~ 

Introduction: 

The Solid and Hazardous Waste Division requested assistance to sample Polynuclear 
Aromatic Hydrocarbons (PAH) at the Metro V/aste Control Commission (MWCC) - St. Paul 
Plant, the Mississippi River, and the Minnehaha Creek in a memo from Dale Wikre to 
Barry Schade, dated October 29, 1981. Richard Ferguson called a meeting on December 
18, 1981. Marv Hora, Dave Maschwitz, and I attended. Sampling locations, sampling 
procedures, and sample replication were discussed. Rick summarized the results of 
the meeting and our later conversations in a memo dated January 11, 1982, to Marv 
Hora. Sampling was initiated on January 13 and finished on January 28. The details 
of the sampling program are discussed in this memo. The results are not available at 
tin's time. 

Methods: 

Mississippi River Samples 

PAH and non-filtrable residue samples were taken from four sites on the Mississippi 
River on January 13, and again on January 19, 1982. The samples were taken from 
1) the Minnespolis Water Works Plant (UM-859), 2) Ford Dam Generating Plant {UM-847), 
3) Lambert's Landing (UM-840), and 4) near Grey Cloud Island (UM-827). (See Table 1). 
UM-859 was taken from a constantly flowing tap, directly off the intake line from the 
river,within the Softening Building of the Minneapolis Water Works Plant. UM-847 was 
taken with a sampling arm, from open water, immediately upstream of the bar screens 
to the Ford Generating Plant. UM-840 was taken with a sampling arm, through approxi
mately 2" of ice, from Lambert's Landing. UM-827 was taken by hand through approxi
mately 8" of ice, next to a barge mooring pier at the Larson Plant of Shieley, Inc., 
near Grey Cloud Island. 

Grab samples were taken at all Mississippi River stations. Pre-washed glass gallon 
bottles (PAH) and glass liter bottles were filled directly from the river, to the top, 
with no sample pre-rinsing. A field blank accompanied the sample containers on the 
January. 19 sampling but not on the January 13 sampling. An internal sample split with 
GCA Lab. was taken at the Ford Dam site on January 13. Internal splits with GCA Lab. 
and outside splits with the MDH (see Tablel) were taken at the Ford Dam and at the 
Grey Cloud Island site on January 19. 



John F. McGuire 
Page 2 
February 22, 1982 

MWCC - St. Paul Plant 

Twenty-four hour composite samples of the influent, effluent, and press cake were taken 
from the St. Paul Plant on January 18-19, January 20-21, January 25-26, and January 
27-28 {See Table 1). The water samples were taken from MVJCC automatic, flow-proportion
ing samplers, and from an Isco auto sampler designed for sampling priority pollutants. 
The press cake was taken from a conveyor belt leading away from the press cake frames. 

Influent entering the St. Paul Plant is divided into East and West banks and further 
divided into 6 and 2 channels, respectively. The PAH samples were taken from the 
East Bank, Channels 2 and 5. A 50/50 mixture of the influent from MWCC flow-proportion
ing auto samplers Mag 2 and Mag 5 (see Figure 1) was used to represent the influent 
to the whole plant. PVC plastic pipe feed the auto samplers on a flow through basis. 
Although some contribution and/or uptake of PAH compounds from the pipe is recognized; 
they are assumed to have reached a steady state condition. To verify this assumption, 
an Isco sampler, designed for priority pollutants, was set up in the channel to sample 
from nearly the same point as the auto samplers. The Isco samples are not flow 
proportioned. 

The effluent sample was taken from auto samplers "East Effluent" and "West Effluent". 
These samplers are similar to the influent samplers, providing flow proportioned 
composite samples. One sample each sampling day and from each bank was taken because 
of the differing treatment processes on the waste water. 

The press cake sample was taken from a conveyor belt leading away from the press cake 
frames. An equal amount of press cake (by weight) was spooned into the sample jars 
each hour for 24 hours. 

The influent and effluent from the auto samplers were taken from 6:00 A.M. to 6:00 A.M. 
as were the press cake samples. The influent Isco sample was taken from 11:00 A.M. to 
11:00 A.M. No internal splits for GCA Lab were taken due to the analytical needs of 
MWCC. External splits for MDH were taken from the influent auto samplers, from the 
effluent auto west bank sampler, and from the press cake on January 20-21 and January 
27-28. (See Table 1.) The press cake samples won't be analyzed by MDH until GCA Lab 
documents a methodology. All samples were picked up at noon, iced, and shipped over
night to GCA Lab. The shipping coolers were sealed with a MPCA tag with the GCA chain 
of custody lab sheets and sent with the "SSS Chain of Custody" service of Federal 
Express. All shipping documentation are enclosed. 

DDH/drn 

Attachment 



TABLE 1. "PAH" SAMPLING DATES, LOCATIONS. AND LABS 

Date Sample Location Lab 
6CA MDH 

PAH NFR* PAH 

January 13, 1982 

January 19, 1982 

January 21, 1982 

January 26, 1982 

January 28, 1982 

Mississippi River (UM-859), Minneapolis Waterworks 
Mississippi River (UM-847), Ford Dam 
Mississippi River (UM-84D), Lambert's Landing 
Mississippi River (LIM-B27), Grey Cloud Island 

Mississippi River (UM-859), Minneapolis Waterworks 
Mississippi River {UM-B47j, Ford Dam 
Mississippi River (UM-840), Lambert's Landing 
Mississippi River (UM-827), Grey Cloud Island 
Field Blank 

Primary Influent East (I°INF E), MWCC 
Secondary Effluent East (irEFF E). MWCC 
Secondary Effluent West (II°EFF W), MWCC 
Plate and Frame Press Cake, MWCC 

Primary Influent East (I°INF E), MWCC 
Primary Influent East (isco), MWCC 
Secondary Effluent East (IPEFF E), MWCC 
Secondary Effluent West (IPEFF W), MWCC 
Plate and Frame Press Cake, MWCC 
Field Blank 

Primary Influent East (I'lNF E), MWCC 
Primary Influent East (Isco), MWCC 
Secondary Effluent East (I^EFF E), MWCC 
Secondary Effluent West (II°EFF W), MWCC 
Plate and Frame Press Cake, MWCC 
Field Blank 

Primary Influent East (TINF E), MWCC 
Primary Influent East (Isco), MWCC 
Secondary Effluent East (II®EFF E), MWCC 
Secondary Effluent West (ITEFF W), MWCC 
Plate and Frame Press Cake, MWCC 
Field Blank 

1 
2 

34 8 

1 
1 

J. 
11 

* NFR = Nonfilterable Residue 



FIGURE 1. MWCC - ST. PAUL PLANT. PAH SAMPLING LOCATIONS 
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GCA CORPORATION 
Technology Division 

213 Burlington Road • 
Bedford. Massachusetts Oi 730 
Teleonone 6i7-2~;-5A-i.a 
Teiex: 92-3339 

April 20, 1982 

Mike Kosakowskl 
U. S. Environmental Protection Agency 
Office of Hazardous Waste Enforcement 
Fairchild Building, 2nd Floor 
499 S. Capitol Street, S. W. 
Washington, D.C. 20460 

Subject: EPA Contract No. 68-01-6316 " 
TSA 1, WA 24, Task B 
(GCA l-452-124b) 

Dear Mike: 

Enclosed please find analytical results pertinent to the above task. Results are 
included for the following water samples: 

SLP - 14 (duplicate) 

SLP - 15 

SLP - 16 

SLP - 17 
* 

All measurements were collected using HPLC/flucresence procedures and are reported 
in ng/1 (ppt). Sample preparation procedures were in accordance with EPA Method 610. 
I've also included a summary listing of instrument operating conditions and 
laboratory quality control data pertinent to these analyses. 

Should you have any questions concerning the enclosed information, please do not 
hesitate to call me. 

Sincerely, 

Kenneth T. McGregor 
Manager 
Laboratory Analysis Department 

KTM/mdp 

BRANCH OPFICE; 500 Eastowne Drive • Chapel Hill,r-NC 27514 • (919) 489-6550 



Aualysin ol ''o : ynn, I o i'• /".i;'. ma tic .'lydvoc.i rl.-oii:} 
'^A Metboc filO 

i.) '-.ijjrr.v. VcCiii 83"; High Pressure Liqiil;! tJhromarograpii. 

Z) Ar.alyrical PAIi 023G-0032 column. 

3> PerklTi-ilmer 'J50-10S Fluorescence Soectrophotcmeter; 15 am slit setting; 
230 na Excitation, 339 am Emission. 

4) ?crlcti;-Elrer I.C-75-UV Soectrophotometric detector; 254 nm. 

5} Gradient Eiution - Linear gradienr of-30% Acetonitrile/70% vater, incrsasing 
•CO ICG;': ,-\cetonicrlls over 60 minutes; flow rate of 1.0 ml./nin. 

6) Injetticti >.'olu;af» - 30 microliters. 

GOA CORPCPA'IO".; 
Technology Division 

GCA 



Polynuclear Aromatic Hydrocarbon Analysis 

Procedural tlecovcry Control Limits 

Ac enaph thy1en e 

Percent Racovery 

Phenanthrene 3enao (a) Pyrena 

X 'in-3) 

St J. (Li 

25 

Cv O'iril Limic (-^ 2 5) 

100% 

'23 

56 

44-136% 

72% 

2 

4 

68-76% 80-108% 

GCA COnPOOATlON 
Technology Oivision 



if -i 1-AS • i " • GCA L'. a::r-l . 18131-1 

j' v ^r.'j H'lT SHEii :.' 

•0 I-:'--, i-b.'4r W/'-x'-ic rty ir. 
61'J 

.» I.:'. :[_ 

Additional Coimnencs Sample SL? 14 (GCA ?:J. 13131-1) and Samnlr. SL? l-^ 

(GCA No. 18131-2) represent replicate analyses 

An.iiyst( J) M. -

Analysis Date 3/26/S2 

'-hccUfcd liv R. i\vi» .. LLti: u 

Report Date ^/13/?: 

t'a raiiietor 

3 

Co.-.centrativjn j 
(ng/1) 1 

M.tTl.rh..ene j "7 1 

Ai: ..-naoiir hunti''' ! "^20 j 
... .J 

FL;iv.-rene 
t •• • • T 

•: 200 1 

Phennnthreiie 26 

Kl::c rr.-.tli<jiie < 250 

;ti.r 
! . 

''.•rii.<hi'.ny i iae < 20 

< 8 

he iiz 0 (a) An t h rac e ne -

'Jl'.rysene < 2 

hi!n5ii;( i;) Py njiiu '• 5 

h»:nzo( h) F1 uoraiu I.LMU' < /.o 
HenzuC a) Py rene'^ < 1 

IJenzo(:4,h, i)Perylep.e < 10 

Dibenzo(a,h)Anthracene < 5 

IndenoC 1, 2, 3-cd) IVrene < 50 

^Coelutes with Acenaphthylene—Value calculated on basis of Acenaphthene. 

*'(k>cluCes with BenzoCk)Fluorar.chena—Value calculated on basis of Uenzo(a) 
Pyrene 



Project l-452-12^b GCA Control No. 18131-2 

DATA ilEPORT SHSEI 
Polynuclear Arotaacic liycirocari>o;i3 

SPA Metho<l 610 

Sample I.D. SLP 14 

AdditLena 1 Commer.ta Sarnpla 5LP 14 (GCA No. lSl'jl-2) .^rd Sanple SLP I'-

(GCA No. 18131-1) represent replicate analyses. 

Analyst(3) M. Gardell 

An.I/sis Date 3/26/82 

Checked By R. Robi'.lard 

Report *1 ' "* • / X"* •* / f J tim 

-er 
\ 

Cone.-ncrat iou 
(r-Zl) 

Kenarks 

;nULl..ilHne < 37 

lit 61;i < -'0 
~ 1 
''Lu^ .-one 

1 
< 2cr-

Phonantiicone 30 

Fluoranthene < 250 

AaCl* caccnc < 2 

Trillion/lene < 20 

Pyrene < 8 

BenzoCa)Anthracene < 3 

Chr/sene < 2 

iSenzoCe) Py rene < 5 

Henzo(b)Fluornnchene < 40 

Bonzo(a)Pyrene^ <1 

lienzo(K,h, DPerylenc A
 »—
• 

0
 

Dibenzo(a,h)Anthracene < 5 

Indeno(1,2,3-cd)Pyrene < 50 

^CoeLutes with Acenaphthylene—Value calculated on basis of Acenaphthene. 

'coelutea wicii Bunzo(k)Fluorantliene—Value calculated on basis of Beuzo(a) 
Pyrene 



I'rojcct 1-452-1 24b GCA Control No. 18133 

DATA ?vSFORX SHEET 
Polynuclear Aromatic Hydrocarbons 

E?A Method 610 

SU> 16 

Add it' "ilia I :• 

•'V ivsr*' ^ 

Auai/si.-; liace 3/.:6/ b2 

Ti'.rC-sed I'v 

Raoort Date 

R. Rubill.arJ 

4/];-!/S2 

Parameter 

J 
Concent ration Rtminrkrt 

ilapijchalene < 3 7 

Aceu.ai-attiane •- 20 

rLuoreiic < 200 

Fhcnanthrene 37 

Fldoranthene <250 

Anthracene < 2 

TriplienylevLe < 20 

Pyrene < 8 

henzo(a)Anthracene o 

Chrvaene < 2 

HenzoCe)Pyrene ^ 5 

iienzo( b; PluoranCliene < AO 

IJenzo^ a) Pyrene"" < 1 

ilunzoCt', h, i) Perylenc < 10 

Dibe :zo(a,h)Anthracene < 5 

Indeno(I,2,3-cd)Pyrene < 50 

''CoeluCes with Acenaphthylene—Value calculated on basis of Acenaphthene. 

"^(kJcLutes with 3en2o(k)Fluoranthene—Value calculated on basis of Benzo(a) 
Pyrene 



Project 1-452-I24b GCA 'Control No. 1S132 

DAi'A i<£?ORr sr^i;:i;T 
Pol/nucle.ir AroiaetLc rivciro^aiu.jc, 

CA Meciv^d MM 

Sdnplo I.D. olV 15 

;\do.{.c Lenai Commenc ;> 

.\riaJ.vat(a) M. Cai'.'.ill 

Aiiaiyuia Dare 3/31/S2 

Cfiec ktd ay n\T j.aMd 

Rcinort Date 4/13, d2 

Parameter 
. i Concentration 

(ng/l) 
Remarks 

Naphthalene < 57 

Acenaphthene^ 2,200 

Fluorene 25,000 

Phenanthrene < 10 

Fluoranthene 20,000 

Ataiii acene 2 70 

I'rinhuiiy lene 86 

Pyrene < 8 

15e uso( a ) Ant h rac e ne 17 \ 

Clirvaane < 2 

bi!i)zo(e) Py rniie < 5 

Bivazo( b> Fluoranthene <40 

lteiizo( a) Py rene^ < 1 -

Ben2o(s,h,i)?erylene < 10 

l)Lbenzo(a,h)Anthr3Cfine <5 

lndtMio( 1, 2, 3-cd) Pyrene < 50 

• 

'•i:u«?luce3 with Acenaphthylene—Value ciilculated on basis of Acenaphchen' . 

^Co'.*lutes wicli Ben3o(k)Fluor3nthene—Value calculated on basis of Henso(al 
Pyrcne 



:'r jjc"cr «.:CA Cor.trJ i. ^!o. 

Po'.yri;: 1-i: -.f ..an: .c ;vy i cccarLo.;., 
y-vrlK'd ol'.i 

y,u ;i;ie :.D. 17 

Add L t L;?na 1 Co ^nn*riL 3 

Alia 1/3 L J Dato 3/30/82 

CU-cked :y K. Po-: Id avd 

Rpport D ice 4/rW32 

I'a rainecer Coneentration 
(ng/U ; 

Remarks 

N.iphth.ilene ^'' ! 

Aai.v.apliCiiene' 2 . i fV i • 
F Liiorene 4. 500 

Piiunanthrene < 10 

Fluorintheue < 250 

..utiiracfjii.o V50 

Tripii'Miyleae 50 

Pyrcn.' 220 

i".e!i2o(a)AiiChracei"iP 10 

Cdr.'seae < 2 

IJe:izo(e)?yrene < 5 

Benzo(b)Fluoranthene A
 x>
 

o
 

Honzo(a) Py rene*^ < 1 

BenzoCn,h,i)Perylene < 10 

Dibenzo(a,h/Anthracene < 5 

Indeno(1,2,3-cd)Pyrene < 30 

^Coeluces with Accnaphthylcne'—Value calculated on basis o£ Acenaphthene. 

'^Coclutos with BcnzoCk)Flur)ranchere—Value calculated on b.i.iis of Benzo'' i) 
?y rene ; 
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ADVANCED TECHNOLOGY DIVISION 
A Division of Economics LaOorutory. Inc. 
605 West Counly Road E, Si. Paul. MN 55112, (612) 482-8855 Final Report 

GC/MS ANALYSIS OF POLYNUCLEAR AROMATIC 
HYDROCARBONS IN MUNICIPAL WATER 

WELLS FOR THE 
CITY OF ST. LOUIS PARK 

Prepared by; 
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ADVANCED TECHNOLOGY DIVISION 
A Division ol Economics Laboratory, Inc. 
605 West County Road E, St Paul, MN.55112, (612) 482-8855 

April 16, 1982 

Enclosed is the final report on the analysis of PNA's in municipal well 
lA- waters of the City of St. Louis Park. Please note that the concentration 

of Phenanthrene in Well #4B, Capsule #11647, which was previously reported 
as N.D. has been corrected to read 110 pairts-per-trillion. In addition, 
a table sxanunarizing the present recoveries of deuterated spikes has been 
included as well as the statement of detection limits for this analysis. 



TECHNICAL DAIA 

Analysis of Polynuclear aromatics* 
Samples Received: 1/15/82 

1/27/82 

Well #3 
Capsule # 
11645 

Well #4A . Well #4B 
Capsule # Capsule # 
11646 ' 11647 

Well #6 . 
Capsule # 
11468 

i Well #8 
Capsule # 
11648 

Compound 

Kaphthalene N.D.. ** N.D. 5 N.D. N.D. 

K aphthylene N.D. N.D. N.D. 
1 

N.D. 
• 

N.D. 

Rcenaphthene N.D. 60 92 N.D. N.D. 

Fluorene N.D. 26 46 N.D. N.D. 

Phenanthrene N.D. N.D. 110 N.D. N.D. 

Anthracene N.D. 
i 

7 N.D. N.D. N.D. 

Fluoranthene N.D. N.D. 6 N.D. N.D. 

Pyrene N.D, N.D. N.D. N.D. N.D. 

Benzo (a) anthracene N.D. N.D. N.D. N.D. N.D. 

sene N.D. N.D. N.D. N.D. N.D. 

Benzo (b) fluoranthene N.D. N.D. N.D. N.D. N.D. , 

Benzo (k) fluoranthene N.D. N.D. N.D. N.D. N.D. 

Benzo (a) pyrene N.D. N.D. N.D. N.D. N.D. 

Indeno (l,2,3-c,d) pyrene N.D. N.D. N.D. N.D. N.D. 

Dibenzo (a,h) anthracene N.D. N.D. N.D. N.D. N.D. 

Benzo (g,h,i) perylene N.D. N.D. N.D. N.D. N.D. 

•Results expressed as parts-per-trillion (ng/1) 
' t 
** N.D. = signal not observed or does not meet criteria for quantitation. 

The detection limit for each PNA is 4 ng/1. 

dAPSUL e LABORATORIES 



rECHNICAL DAIA 

Analysis of Polynuclear aromatics* 
Samples Received; 1/15/82 

1/27/82 

Well #11 
Capsule # 
11459 

Well #12 
Capsule # 
11460 

j Well #13 
; Capsule # 
1 11461 

Well #14A 
Capsule # 
11462 

: Well # 
Capsuli 
11463 

:)mDOund ! (spiked) 1 

i 
aphthalene . N.D. ** N.D. N.D. 

1 

8 
t 
1 

j 5 
:e. ithylene N.D. N.D. 

! 
j N.D. N.D. N.D. 

renaphthene N.D. N.D. N.D. N.D. N.D. 

luorene N.D. N.D. N.D. 43 6 

henanthrene N.D. N.D. 
i 

N.D. N.D. N.D. 

athracene N.D. N.D. N.D. 28 
i 

N.D. 

luoranthene N.D. N.D. N.D. N.D. N.D. 

/rene N.D. N.D. N.D. N.D. N.D. 

enzo (a) anthracene N.D. . N.D. N.D. N.D. N.D. 

•hr ne N.D. N.D. N.D. N.D. N.D. 

enzo (b) fluoranthene N.D. N.D. N.D. N.D. N.D. 

enzo (k) fluoranthene N.D. N.D. N.D. N.D. N.D. 

:enzo (a) pyrene N.D. N.D. N.D. N.D. N.D. 

ndeno (l,2,3-c,d) pyrene N.D. N.D. N.D. N.D. N.D. 

ibenzo (a,h) anthracene N.D. N.D. N.D. N.D. N.D. 

enzo (g,h,i) perylene N.D. N.D. N.D. N.D. N.D. 

;esults expressed as parts-per-trillion (ng/1) 

' i 
N.D. = Signal not observed or does not meet criteria for quantitation, 

•e detection limit for each PNA is 4 ng/1. 

CAPSULE J-AEJaRATOHIES 



ECHNICAL DAIA 

Analysis of Polynuclear aromatics* 
Samples Received: X/15/82 

1/27/82 

niDOund 

.well #15A 
jcapsule # 
111464 

•phthalene 4 N.D.** N.D. 

enaphthylene 70 N.D. N.D. 

en .thene 41 N.D. N.D. 

-uorene 700 430 N.D. 

lenanthrene 83 N.D. N.D. 

ithracene 160 N.D. 
1 

N.D. 

i uoranthene 380 360 N.D. 

/rene 260 N.D. N.D. 

;nzo (a) anthracene 14 N.D. N.D. 

hrysene 14 N.D. N.D. 

en b) fluoranthene N.D. N.D. N.D. 

enzo (k) fluoranthene N.D. N.D. N.D. 

mzo (a) pyrene N.D. N.D. N.D. 

ideno (l,2,3-c,d) pyrene N.D. N.D. N.D. 

benzo (a,h) anthracene N.D. N.D. N.D. 

nzo {g,h,i) perylene N.D. 
1 

N.D. N.D. 

Well #15B 
Capsule # i 
JJL465 

well #16 
Capsule # 
11648 

asults expressed as parts-per-trillion (ng/1) 

ti p. = Signal not observed or does not meet criteria for quantitation, 

aetection limit for each PNA is 4 ng/1. 

c::APSULt£ uABORATOr^ies 



GC/MS A1>IALYSIS OF POLYNUCLEAR AROMATIC HYDROCARBONS 

Sampling Equipment 

Sampling resin beds used for organic enrichment are connected to a water source 
by an all-teflon manifold. The teflon manifold is designed to collect samples 
in duplicate by splitting sample flow with a tee to two resin beds. The inlet 
of the manifold is compatible with a 1/8" NRT female fitting, on the water 
source. Two teflon needle valves (one on each side of the tee) are used to 
control water flow through the resin beds. A differential pressure of at 
least 20 psig is necessary for adequate flow control. When particulate levels 
are high, a teflon prefilter is placed upstream of the resin beds to remove 
particulates. 

Sampling Procedure 

Before sampling, all manifold parts are cleaned with HPLC-grade acetone and 
ane. Preparation of the resin beds consists of flushing each with 4.0 ml 
J-grade methanol, then 10.0 ml HPLC-grade water. One of the beds is 

spiked with isotope compounds in the laboratory. The spike level should be 
similar in concentration to the non-isotopic compounds being analyzed. 

At the sampling site, the assembled teflon manifold and resin bed connections 
are leak-tested. The flow rate through each resin bed is adjusted using the 
flow valve and the sample flow volume maintained throughout sampling by 
periodic checks. The water after passing through each resin bed is collected 
in tared carboys. At the end of the sampling period, the water volume 
sampled is determined by weighing the carboy and water. At the completion of 
the sampling, the resin beds are wrapped in foil and kept refrigerated until 
analysis 

Resin Bed Elution 

Each resin bed used to collect and concentrate polynuclear aromatic compounds 
eluted using acidified tetrahydrofuran (THE). The acidified THE is then 
ses through a micro-drying column to remove water. The dryed THE extract 

is collected in a 0.1 ml graduated'vial. The micro-drying column is rinsed 
several times with acidified THE. The volume of acidified THE is reduced 
under a gentle stream of nitrogen at. room temperature. Finally, the concen
trated extract is spiked with an isotope internal standard (DIQ anthracene). 

GC/MS Analysis 

The extracts are stored in suitable vials until ready for analysis. A 1 ul 
aliquot is injected on the column in a splitless injection mode. Single ion 
monitoring data is continuously acquired and the data stored for later workup. 
Instrumental parameters are described in Table I. 

Data Reduction - Quantitation. 

The single ion chromatograms are plotted for the characteristic ion of each 
, plynuclear aromatic being analyzed. Areas, are then obtained.for any peak 
with a retention time falling within a one minute window relative to the 
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standard run. Confirmation of identity is based on presence of the EPA 
selected ions (see Table II) for the individual compound, and all ions must 
maximize within one scan of each otheri Futhermore, the ions must meet 
spectral integrity criteria for relative ratios (±20%). The areas under 
each characteristic ion are used to determine the extract concentration. 
The areas are compared to the internal standard intensity based on the 
following formula-

Concentration = ^^^®^unlc^ (ConCjg) 
unk 

(Areafg) (Dilution) 

where: unk = priority pollutant being quantitated 
IS = internal standard D^oanthracene 
R.F.= response factor for the particular compound 

Recovery Determinations 

1 sample to be extracted is spiked with a surrogate standard (a deuterated 
analog). These materials are carried through the work-up procedure and 
quantitated along with the normal pollutants. The intensity of these spikes 
when compared to the airea for Dio anthracene added to the final extract 
allows a percent recovery to be determined for each extraction. 

Concentration of Spike Observed 
Percent Recovery = —^^ x 100 

Concentration of Spike Added to Sample 

Matrix Spikes 

In addition, a matrix spike is analyzed with each set of samples. The material 
being extracted is spiked with a mixture of polyaromatic hydrocarbons appro
priate for the fractions being analyzed. The recoveries of compounds in the 
spiking mix will provide information about the matrix effect of the sample 
I— the analytical methodology. Individual component recoveries of the matrix 

.e are calculated as follows: 

SSR "" SR Percent Recovery = — x 100 
SA 

Where: SSR = Spike sample results (yg/g) 
SR = Sample results (yg/g) 
SA = Spike added (yg/g) from spiking mix 

Duplicate Samples 

Duplicate analyses are performed every 20 samples or one for each project, 
whichever is more frequent. 
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Percent Difference = ^1 ^2 

Where: = First sample value 
= Second sample value (duplicate) 

Detection Limits^ 

The method detection limit is defined as the minimum concentration of a sub
stance that can be identified, measured and reported with 99% confidence that 
the analyte concentration is greater than zero and is determined from replicate 
analysis of a sample of a given matrix containing analyte^. 

MDL = t (N-1, l-«= .99) X So 

Where: t (N-1, l-® =.99) is students t value for one-tailed 
test at the 99% confidence level with N-1 degree of freedom. 
Sc is the standard deviation of replicate analyses. 

The method detection limit refers to samples processed through all steps com
prising an established analytical procedure. 

^Glaser, J.A., et al, "Trace Analyses for Wastewater," Environ. Sci. Tech., 
1426(1981). 

2 "Definition and Procedure for the Determination of the Method Detection Limit," 
Rev.1.12 45 EPA, Environmental Monitoring and Support Lab., Cincinnati, Jan. 
1981. 

The detection limit for each PNA is four parts-per-trillion in the well-water. 



. TABLE I 

INSTRUMENT PARAMETERS 

Polynuclear Aromatics Analysis 

Gas Chromatograph 

Hewlett Packard 5840 with HP7671A Autosampler 
Colvann 30m x 0.24inm SE-54 Fused Silicon Capillary (J & W) 
Column directly coupled to MS 

Injection 

Mode; Splitless 
Sweep Initiation @ 0.5 minutes 
Sweep Flow: 40ml/min. Helium 
Carrier Flow: Icm/sec. linear velocity 

-^peratures 

Injector: 275° 
Temp. 1: 40°C for 3 minutes 
Ramp: 10°C/minute 
Temp. 2: 280°C for 20 minutes 
Interface Temp: 275°C. 
Injection Volume: 1 yl 

Mass Spectrometer 

Hewlett Packard 59858 GCMS 
Electron Impact Mode; 70 eV 
Delay: 10 minutes 
SIM MODE 
Dwell time: 100ms per ion 
Multiplier Voltage: 2600V. 
Source Temp. 225°C 

Computer 

Hewlett Packard 21MX-E 
Disk Drives: HP7906 (20M byte) HP7920 (50M byte) 
Tape Drive: Kennedy 9300 9-track dual density 



"ECHNICAL DATA 

TABLE II 

Ion (abundances) 

npound Primary Confirming R.T. 

phthalene 128 (100) 127 (13) 12.8 

enf hylene 152 (100) 151 (21) 16.8 

-•naphthene 154 (100) 153 (120) 17.2 

jorene 166 (100) 165 (94) 18.5 

jnanthrene 178 (100) 176 (20) 20.9 

:hracene 178 (100) 176 (21) 21.0 

joranthene 202 (100) 101 (11) 23.9 

•ene 202 (100) 101 (14) 24.5 

izo (a) anthracene 228 (100) * • 27.5 

:ysene 228 (100) 229 (19) 27.7 

izc ) fluoranthene 252 (100) 253 (23) 31.2 

izo (k) fluoranthene 252 (100) 253 (22) 31.2 

,zo (a) pyrene 252 (100) 253 (24) 32.5 

,3no (l,2,3-c,d) pyrene 276 (100) * 38.9 

nzo (a,h) anthracene 278 (100) * 39.0 

o (g,h,i) perylene 276 (100) * 40.6 

o Secondary ion designated 

CZAPSULE LABCDRATaRiES 



TABLE III. 

% RECOVERIES OF DEUTERATED SPIKES 

Compound 

Dg-Napthalene 
D^o-Phenathrene 
Dio-Pyrene 
Di2-Chrysene 

Well #4A 

Total ng Total ng 
Spiked Recovered 

10.77 
1286 
1085 
1110 

54 
3600 
2170 
3100 

Recovery 

5.0 
280 
200 
280 

Total ng 
Spiked 

108 
129 
109 
111 

Well #6 
_CAP_#11458_ 
Total ng 
Recovered 

10 
180 
229 
144 

Recovery 

9.0 
140 
210 
130 

Comoound 

Well #11 
CAP_#11459_ 

Total ng Total ng 
Spiked Recovered Recovery 

Total ng 
Spiked 

Well #14A 
_CAP_#11462_ 
Total ng 
Recovered Recovery 

Dg-Napthalene 
D2 o-Phenanthrene 
Djo-Py^erie 
Di2-Chrysene 

269 
322 
271 
278 

43 
322 
488 
360 

16 
100 
180 
130 

1077 
1286 
1085 
1110 

690 
2440 
2600 
2000 

64 
190 
240 
180 
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NORTHBROOK OFFICE COURT 
SUITE 1602 
666 WEST DUNDEE ROAD 
NORTHBROOK, IL 60062 
PHONE: 312-498-9090 

DESIGNERS X—^ CONSULTANTS 

8 March 1982 

Mr. Paul Bitter, OSC 
Superfund Sites Section 
USEPA Region V 
230 S Dearborn 
Chicago, Illinois 60604 

Re; Carbon Isotherm Data for 
Selected PAH Compounds 

Dear Paul: 

Enclosed are the tables and the associated figure which 
summarize the analysis of the carbon isotherm data of Hickok 
and the USEPA. The data analyzed appeared in Table 6 of the 
E.A. Hickok and Assoc. Report "Drinking Water Treatment and 
Evaluation for St. Louis Park, MN. April 1981". This data was 
compared to USEPA carbon isotherm data for one PAH compound, 
F luoranthene . The comparison was performed for this^ compound 
since a X/M relationship existed for all carbon dosages used 
by Hickok in their analysis. 

I trust that this information will be of help to you. Should 
you have further questions, feel free to call me. 

Very truly yours, 

ROY F. WESTON, INC. 

RJM:cls 

Enclosure 

cc: R. Schoenberger 
P. Lederman 

1^1. 
Robert J. Millman, P.E. 



FIGURE 1 

EXAMPLE ADSORPTION OF PAH USING FLUORANTHENE CONTACTED WITH PAG 
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TABLE 1 

CARBON ISOTHERM DATA FOR COMPOUNDS AS LISTED IN TABLE 6 

PAC Dosage Applied 

HICKOK REPORT, APRIL 1981 

PAC 15 mg/1 PAC 11 mq/1 
Raw Tr. X/M Raw Tr. X/M 

Compound nq/1 ng/1 ng/mg nq/1 nq/1 ng/mq 

Acenaphthene 1087 30 70.47 - 35 -

Acenaphtylene 250 11.5 15.90 4.3 4 0.03 

Anthracene 613 4 40.60 492 4 44.36 

Benzo(a) Anthracene 13 0.5 0.83 0.5 0.5 -

Benzo(a) Pyrene 0.5 0.5 - 0.5 0.5 -

Benzo(ghi) Perylene 2 2 - 2.5 2.5 -

Chrysene 6.5 6.5 - 3 3 -

Dibenzo(ah) Anthracene 0.5 0.2 0.02 1 1 -

Fluorene 121 1 8.00 217 4.5 19.32 

Fluoranthene 1220 4 81.07 391 2 35.36 

Napthalene 130 5.5 8.30 2 2 -

Phenanthrene 360 4.5 23.70 101 3 8.91 

Pyrene 9 8 0.07 535 0.5 48.59 

Benzo(k) Fluoranthene 0.15 0.15 — 0.5 0.5 _ 

NOTE: X/M - Unit of material adsorbed per unit of Carbon (ng/Mg) 
Tr. - Treated water 



TABLE 1(continued) 

CARBON ISOTHERM DATA FOR COMPOUNDS AS LISTED IN TABLE 6 
HICKOK REPORT, APRIL 1981 

PAC Dosage Applied PAC 8 mq/1 PAC 5.5 mg/1 

Compound 
Raw 
ngA 

Tr. 
ng/1 

X/M 
ng/mg 

Raw 
ng/1 

Tr. 
ng/l 

X/M 
ng/mg 

Acenaphthene 35 35 - 34 34 -

Acenaphtylene 4 4 - 95 95 -

Anthracene 4 4 - 23 23 -

Benzo(a) Anthracene 3.5 9.9 - 26 0.2 4.69 

Benzo(a) Pyrene 2 0.5 0.19 32 1 5.64 

Benzo(ghi) Perylene 0.5 0.5 - 25 0.8 4.40 

Chrysene 9.2 2.1 0.89 2.2 2.2 -

Dibenzo(ah) Anthracene 1.5 1.4 0.01 6.6 1.5 0.93 

Fluorene 4.5 4.5 - 0.65 0.65 -

Fluoranthene 403 6.3 49.59 270 14 46.55 

Napthalene 2 2 - 38.5 38.5 -

Phenanthrene 3 3 - 7.5 7.5 -

Pyrene 22 2.5 2.44 2.5 2.5 -

Benzo(k) Fluoranthene - — — 0.9 0.9 

NOTE; X/M - Unit of material adsorbed per uint of Carbon (ng/Mg) 
Tr. - Treated water 



TABLE 2 

CARBON ISOTHERM 
COMPOUND: FLUORANTHANE 

Carbon 
Dose mg/1 

Treated 
mg/l 

Removed 
mgA 

X/M 
mg/gm 

0 

1.0 

2.5 

5 

7.5 

12.5 

0.0581 

0.0140 

0.0014 

0.0008 

0.0012 

0.005 

0.0567 

0.0567 

0.0573 

0.0569 

0.0576 

44.1 

22.7 

11.5 

7.6 

4.6 

Initial pH = 5.3 

Source: EPA Publication 600/8-80-0203 pg. 207 
"Carbon Adsorption Isotherms for 
Toxic Organics", April 1981 

(y 



ireiiminary report 
M 

A Complete Concept in Consultation 

cLz 
A Division ol Economics Laboratory, inc 
Resaarcti t OevelupmenI Center 
040 Sibiey Memorial Hmry . St Paut. MNSSI1B • t6l2) 4574926 

I 
GC/MS ANALYSIS OF POLYNUCLEAR AROMATIC 
HYDROCARBONS IN MUNICIPAL WATER 

WELLS, FOR THE 
CITY OF ST. LOUIS PARK 

Prepared by: 

CAPSULE LABORATORIES 
605 West County Road E 
Shoreview, Minnesota 55112 

Date Submitted: 

March 2, 1982 



Analysis of Polynuclear aromatics* 

( well #3 
Capsule # 
11645 

Well #4A 1 
Capsule # ; 
11646 ' 

Well #4B 
Capsule # 
11647 

Well #6 ; Well #8 
Capsule # 1 Capsule 
n46P ! 1164fl 

Compound (spiked) 

naphthalene N.D. ** N.D. 5 N.D. N.D. 

ficenaphthylene N.D. N.D. N.D. N.D. N.D. 

Acenaphthene N.D. 60 92 N.D. N.D. 

fluorene N.D. 26 46 N.D. N.D. 

Phenanthrene N.D. N.D. N.D. N.D. N.D. 

aracene N.D. 7 N.D. N.D. N.D. 

Fluoranthene N.D. N.D. 6 N.D. N.D. 

:/rene N.D. N.D. N.D. N.D. N.D. 

l-enzo (a) anthracene N.D. N.D. N.D. N.D. N.D. 

hrysene N.D. N.D. N.D. N.D. N.D. 

-enzo (b) fluoranthene N.D. N.D. N.D. N.D. N.D. 

enzo (k) fluoranthene N.D. N.D. N.D. N.D. N.D. 

^nzo (a) pyrene ' N.D. N.D. N.D. N.D. N.D. 

no (l,2,3-c,d) pyrene N.D. N.D. N.D. N.D. N.D. 

ibenzo (a,h) anthracene, N.D. N.D. N.D. N.D. N.D. 
1 

enzo (g,h,i) perylene ! 

J 

N.D. N.D. N.D. N.D. N.D. 

Results expressed as parts-per-trillion (ng/1) 

N.D. = Signal not observed or does not meet criteria for quantitation. 



Analysis of Polynuclear aromatics* 

Well #11 
Capsule # 
11459 

Well #12 
Capsule. # 
11460 ' 

Well #13 
Capsule # 

' 11461 

well #14A 
Capsule # 
11462 

;Well #14B 
j Capsule # 
111463 

.'ompound (spiked) 

ibphthalene N.D. ** N.D. N.D. 8 5 

.\cenaphthylene N.D. N.D. N.D. N.D. N.D. 

icenaphthene N.D. N.D. N.'D. N.D. N.D. 

;luorene N.D. N.D. N.D. 43 6 

.henanthrene N.D. N.D. N.D. N.D. N.D. 

iracene N.D. N.D. N.D. 28 N.D. 

.luoranthcne N.D. N.D. N.D. N.D. N.D. 

•yrene N.D. N.D. N.D. N.D. N.D. 

^anzo (a) anthracene N.D. N.D. N.D. N.D. N.D. 

-hrysene N.D. N.D. N.D. N.D. N.D. 

;enzo (b) fluoranthene N.D. N.D. N.D. N.Di N.D. 

.-enzo (k) fluoranthene N.D. N.D. N.D. N.D. N.D. 

;enzo (a) pyrene N.D. N.D. N.D. N.D. N.D. 

—'eno (l,2,3-c,d) pyrene N.D. N.D. N.D. N.D. N.D. 

.^.^enzo (a,h) anthracene N.D. N.D. N.D. N.D. N.D. 

ienzo (g,h,i) perylene N.D. N.D. N.D. N.D. N.D. 

Results expressed as parts-per-trillion (ng/1) 

N.D. = Signal not observed or does not meet criteria for quantitation. 

' J I 



Analysis of Polynuclear aromatics* 

Compound 

,Well #15A 
jCapsuIe # 
111464 

Naphthalene 

Acenaphthylene 

Acenaphthene 

Cluorene 

Phenanthrene 

hracene 

Cluoranthene 

.-yrene 

senzo (a) anthracene 

Chrysene 

3enzo (b) fluoranthene 

enzo (k) fluoranthene 

ienzo (a) pyrene 

"deno (l,2,3-c,d) pyrene 

.anzo (a,h} anthracene 

jenzo (g,h,i) perylene 

(Spiked) 

4 

70 

41 

700 

83 

160 

380 

260 

14 

14 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

Well «15B I Well #16 
Capsule # I Capsule # 
n4fis • nfiaq 

N.D.** 

N.D. 

N.D. 

430 

N.D. 

N.D. 

360 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. . 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

'Results expressed as parts-per-trillion (ng/I) 

' N.D. = Signal not observed or does not meet criteria for quantitation. 

> < < 



GC/MS ANALYSIS OF POLYNUCLEAR AROMATIC HYDROCARBONS 

Sampling Equipment 

Sampling resin beds used for organic enrichment are connected to a water source 
by an all-teflon manifold. The teflon manifold is designed to collect samples 
in duplicate by splitting sample flow with a tee to two resin beds. The inlet 
of the manifold is compatible with a 1/8" NPT female fitting on the water 
source. Two teflon needle valves (one on each side of the tee) are used to 
control water flow through the resin beds. A differential pressure of at 
least 20 psig is necessary for adequate flow control. When particulate levels 
are high, a teflon prefilter is placed upstream of the resin beds to remove 
particulates. 

Sampling Procedure 

Before sampling, all manifold parts are cleaned with HPLC-grade acetone and 
hexane. Preparation of the resin beds consists of flushing each with 4.0 ml 
HPLC-grade methanol, then 10.0 ml HPLC-grade water. One of the beds is 
spiked with isotope compounds in the laboratory. The spike level should be 
similar in concentration to the non-isotopic compounds being analyzed. 

At the sampling site, the assembled teflon manifold and resin bed connections 
are leak-tested. The flow rate through each resin bed is adjusted using the 
flow valve and the sample flow volume maintained throughout sampling by 
periodic checks. The water after passing through each resin bed is collected 
in tared carboys. At the end of the sampling period, the water volume 
sampled is determined by weighing the carboy and water. At the completion of 
the sampling, the resin beds are wrapped in foil and kept refrigerated until 
analysis 

Resin Bed Elution 

Each resin bed used to collect and concentrate polynuclear aromatic compounds 
is eluted using acidified tetrahydrofuran (THF). The acidified THF is then 
passes through a micro-drying column to remove water. The dryed THF extract 
is collected in a 0.1 ml graduated vial. The micro-drying column is rinsed 
several times with acidified THF. The volume of acidified THF is reduced 
under a gentle stream of nitrogen at room temperature. Finally, the concen
trated extract is spiked with an isotope internal standard (D20 anthracene). 

GC/MS Analysis 

The extracts are stored in suitable vials until ready for analysis. A 1 yl 
aliquot is injected on the column in a splitless injection mode. Single ion 
monitoring data is continuously acquired, and the data stored for later workup. 
Instrumental parameters are described in Table I. 

Data Reduction - Quantitation 

The single ion chromatograms are i)lotted for the characteristic ion of each 
polynuclear aromatic being analyzed. Areas are then obtained for any peak 
with a retention time falling within a one minute window relative to the 
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standard run. Confirmation of identity is based on presence of the EPA 
selected ions (see Table II) for the individual compound, and all ions must 
maximize within one scan of each other. Futhermore, the ions must meet 
spectral integrity criteria for relative ratios. (120%). The areas under 
each characteristic ion are used to determine the extract concentration. 
The areas are compared to the internal standard intensity based on the 
following formula. 

Concentration^^j^ = ^^"®unlc^ (Conc^g) 
(Area^g) (Dilution) 

where: un)c = priority pollutant being quantitated. 
IS » internal standard D^o anthracene 
R.F.= response factor for the particular compound 

Recovery Determinations 

Each sample to, be extracted is spiked with a surrogate standard (a deuterated 
analog). These materials are carried through the work-up procedure and 
quantitated along with the normal pollutants. The intensity of these spikes 
when compared to the area for Djo anthracene added to the final extract 
allows a percent recovery to be determined for each extraction. 

Concentration of Spike Observed 
Percent Recovery = ^ ; x ICQ 

Concentration of Spike Added to Sample 

Matrix Spikes 

In addition, a matrix spike is analyzed with each set of seunples. The material 
being extracted is spiked with a mixture of polyaromatic hydrocarbons appro
priate for the fractions being analyzed. The recoveries of compounds in the 
spiking mix will provide information about the matrix effect of the sample 
on the analytical methodology. Individual component recoveries of the matrix 
spike are calculated as follows: 

SSR — SR 
Percent Recovery = e- x 100 

SA 

Where: SSR = Spike sample results (yg/g) 
SR = Sample results (ug/g) 
SA = Spike added iug/g) from spiking mix 

Duplicate Samples 

Duplicate analyses are performed every 20 samples or one for each project, 
whichever is more frequent. 
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Percent Difference = 

Where: = First sample value 
= Second sample value (duplicate) 

Detection Limits^ 

The method detection limit is defined as the minimum concentration of a sub
stance that can be identified, measured and reported with 99% confidence that 
the analyte concentration is greater than zero and is determined from replicate 
analysis of a sample of a given matrix containing analyte^. 

MDL = t (N-1, l-«= .99) X Sc 

Where: t (N-1, l-« =.99) is students t value for one-tailed 
test at the 99% confidence level with N-1 degree of freedom. 
Sc is the standard deviation of replicate analyses. 

The method detection limit refers to samples processed through all steps com
prising an established analytical procedure. 

^Glaser, J.A., et al, "Trace Analyses for Wastewater," Environ. Sci. Tech., 
1^, 1426(1981). 

2 
"Definition and Procedure for the Determination of the Method Detection Limit,' 
Rev.1.12 45 EPA, Environmental Monitoring and Support; Lab., Cincinnati, Jan. 
1981. 

' t « 
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TABLE I 

INSTRUMENT PARAMETERS 

Polynuclear Aromatics Analysis 

Gas Chromatograph 

Hewlett Packard 5840 with HP7671A Autosampler 
Column 30m x 0.24mm SE-54 Fused Silicon Capillary (J s, w) 
Column directly coupled to MS 

Injection 

Mode: Splitless 
Sweep Initiation @ 0.5 minutes 
Sweep Flow; 40ml/min. Helium 
Carrier Flow: Icm/sec. linear velocity 

Temperatures 

Injector: 275" 
Temp. 1: 40"C for 3 minutes 
Ramp: 10"C/minute 
Temp. 2: 280"C for 20 minutes 
Interface Temp: 275'C. 
Injection Volume: 1 yl 

Mass Spectrometer 

Hewlett Packard 5985B GCMS 
Electron Impact Mode: 70 eV 
Delay: 10 minutes 
SIM MODE 
Dwell time: 100ms per ion 
Multiplier Voltage: 2600V. 
Source Temp. 225"C 

Computer 

Hewlett Packard 21MX-E 
Disk Drives: HP7906 {20M byte) HP7920 C50M byte) 
Tape Drive: Kennedy 9300 9-track dual density 

i I 



TABLE 11 

Ion (abundances) 

Obnpound Primary Confirming R.T. 

Naphthalene 128 (100) 127 (13) 12.8 

Acenaphthylene 152 (100) 151 (21) lis.8 

Acenaphthene 154 (100) 153 (120) 17.2 

Pluorene 166 (100) 165 (94) 18.5 

Phenanthrene 178 (100) 176 (20) 20.9 

Anthracene 178 (100) 176 (21) 21.0 

.aoranthene 202 (100) 101 (11) 23.9 

Pyrene 202 (100) 101 (14) 24.5 

Benzo (a) anthracene 228 (100) * 27.5 

Chrysene 228 (100) 229 (19) 27.7 

Benzo (b) fluoranthene 252 (100) 253 (23) 31.2 

Benzo (k) fluoranthene 252 (100) 253 (22) 31.2 

Benzo (a) pyrene 252 (100) 253 (24) 32.5 

Indeno (l,2,3-c,d) pyrene 276 (100) ' * 38.9 

anzo (a,h) anthracene 278 (100) * 39.0 

^.enzo (g,h,i) perylene 276 (100) 40.6 

No Secondary ion designated 
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GCA 

JUL 0 1 1982 

CROSS REFERENCE LIST OF WATER SAMPLES RECEIVED ^OR PAH ANALYSIS 

(EPA Contract No. 68-01-6316) iV 
(GCA 1-452-124) 

Sampling date 

1/13/82 

1/19/82 

1/21/82 

•m 1/26/82 

1/28/82 

Sample code GCA Control No. 

UM-827 18825 
UM-840 18826 
UM-847 18827 
UM-859 18828 
Ford Dam 18829 

Field Blank (1/19/82) 18931 
EFF E 18932 
EFF W 18933 
Ford Dam 18934 
Gray Cloud 18935 
INF 18936 
UM-827 18937 
UM-840 18938 
UM-847 18939 
UM-859 18940 

Field Blank (1/21/82) 18977 
EFF E 18978 
EFF W 18979 
INF E 18980 
INF ISCO 18981 

Field Blank (1/26/82) 19099 
INF E 19100 
INF E ISCO 19101 
EFF E 19102 
EFF W 19103 

Field Blank (1/28/82) 19157 
EFF E 11° 19158 
EFF W 11° 19159 
INF E 1° 19160 
INF 1° E ISCO 19161 




